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[Field of the Inventidn]

The present invention relates to an address decoder, a
semiconductor memory comprising the address decoder and a
semiconductor device comprising at least one of a logical product circuit,
a logical add circuit and an inverter circuit.

[Description of the Related Art]

A semiconductor memory represented by a RAM (Random Access

Memory) and a ROM (Read Only Memory) comprises a row decoder and a

~ column decoder for selecting a desired memory cell within a memory cell
array provided therein. A conventional semiconductor memory of this
type will be described with reference to FIG. 9. Itis noted that, however,
for brevity, FIG. 9 illustrates a memory cell array 10 having provided
therein 8 x 8 = 64 memory cells (not shown).

The semiconductor memory comprises a memory cell array 10, a
row decoder 30, a column decoder S0 and a sense amplifier 70. The row
decoder 30 has terminals CLO to CL7 connected to the memory cell array
10. The column decoder 50 has terminals RO to R7 connected to the
memory cell array 10 and a terminal 51 connected to th: sense amplifier
70. The row decoder 3_0 and the column decoder 50 are thus connected
to the memory cell array 10 through the terminals CLO to CL7 and the
terminals RO to R7, respectively. The column decoder 50 is also
connected to the sense amplifier 70 through the terminal 51.

When this semiconductor memory is used, first address

designation signals A0 to A2 of three bits are inputted into the column
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a logi‘cal add circuit and an inverter circuit. [Descrl ptlon “of theRet at ed
Art] A sem conductor nenory represented by.a mels(siﬁ’@pﬁg@e %ﬁass

Menory) and a ROM (Read Only Menory) copprises a row d laced| umm
decoder for selecting a desired nenory cell within a wg’ﬂﬂg’,ﬁn ray
provi ded therein. A conventional sem conductor nenory WI Il be
described with reference to FIG 9. It is noted that, however, for

gr)e(vigt)zl, F %ﬁ%?l I%gst a‘%‘ﬁ%ﬂ agﬁre gnasA%eXQéﬁ]t 581%% prOV| dquf& herein
;ggp;l :Srs] Sguﬁﬁpmﬁeyrl' gvfld%ﬁgcriélr 0, O’ngn dg;% gr,%doerg logxtalaleggfsucg?"recsjsg t?\(raer 50
bits of the first address designation signals AO to A2, one of the terminals
RO to R7 of the column decoder 50 is selected. Depending on logical
levels of respective bits of the second address designation signals A3 to
AS, one of the terminals CLO to CL7 of the row decoder 30 is selected. As
a result, a memory cell positioned at an intersection (or crossover point}
between a column selected by one bit signal among the first address
designation signals AQ to A2 and a row selected by one bit signal among
the second address designation signals A3 to A5, is selected.
A row decoder and a column decoder having structures described
pelow are examples of the above-stated conventional row decoder 30 and
column decoder 50. .

An example of the structure of the row decoder 30 will be now
described. FIG. 10 is a circuit diagram showing the inner structure of
the row decoder 30.

The row decoder 30 comprises a first signal line group 31, a second
signal line group 33, a plurality of switching devices 35, pull-up resistors
37, output inverters 39, to 39, and input logic adjustment inverters 41,
to 41,.

The first signal line group 31 consists of six parallel signal lines 31,
to 31;. The signal A3 out of the three address designation signals A3 to
AS is inputted into a signal line 31, in the first signal line group 31. The
signal A4 is inputted into a signal line 31;. The signal AS is inputted
into a signal line 31,. A signal A3 opposite in phase to the signal A3 is
inputted into a signal line 31, in the first signal line group 31. A signal

A4 opposite in phase to the signal A4 is inputted into a signal line 31,,
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decoder 30 has term nals CLO to CL7 connected to the rrermry cell array 10.
The col um decoder 50 has terninals RO to R7 connecﬂﬁfbhte@}lﬁshﬁen gy cell

array 10 and a terminal 51 connected to 4he sense a e row
decoder 30 and the columm decoder 50 are thus connec lHU nory cell
array 10 through the termnals CLO to CL7 and the R7,

respectively. The colum decoder 50 is al so connected to the sense

" used. 11 Aot Aniene T GHRRIE, i Pbagh dos o Sl AR RS R PRt

| nputted intg 1gﬁ:§ﬁu§g b'f Here, a signal of opposite phase such as A3isatL (or H)
level when a signal A3 is at H (or L) level.

To realize the input of address designation signals as described
above, the signal A3 is inputted into the signal line 31, through the
inverters 41, and 41,, and the output of the inverter 41, is inputted as
the signal A3 into the signal line 31,. The signal A4 is inputted into the
signal line 31, through the inverters 41, and 41, and the output of the
inverter 41, is inputted as the signal A4 into the signal line 31,.
Moreover, the signal AS is inputted into the signal line 31 through the
inverters 41, and 41;, and the output of the inverter 41, is inputted as

' the signal A5 into the signal line 31,.

The second signal line group 33 consists of eight parallel signal
lines 33, to 33,. The second signal line group 33 is arranged to intersect
the first signal line 31. It is noted that, in actuality, the second signal
lines 33, to 33, include switching devices 35, respectively and an
impurity diffused layer formed on a semiconductor substrate (see FIG.
11(B)), which description will be given below.

Each of the switching devices 35 is provided in the vicinity of a
plurality of predetermined intersections among intersections (or
crossover points) P between the first signal line group 31 and the second
signal line group 33, although only part of the intersecﬁons are denoted
by P in FIG. 10. The intersections will be described later.

Each of the switching devices 35 has a control signal input
terminal 35a. The switching device 35 can be made out of an
enhancement type P-channel or N-channel field effect transistor. In FIG.

10, the switching devices 35 consist of enhancement type N-channel field
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2 decoder 50. Second address signals A3 to A5 of three bits are inputted
into the row decoder 30. Then, depending on | ogical ITBwSl\estfbﬁquegfl@ele ve

bits of the first address de5|gnat|on signals AOto A% {
termnals RO to R7 of the columm decoder 50 is select

| ogical |evels of respective bits of the second address e5|gnat|on
signals A3 to one of the termnals CLO to CL7 of the row decoder 30 is

crossover pofh 3{ 5%“' lstof. FERBE e BE hOBTia PR RERERE (e

first addresg, specific, a gate electrode) 35a of each switching device 35 is connected

on

to a first signal line closest to the corresponding intersection. The
switching device 35 per se is connected, in series, to a second signal line
closest to the intersection. Specifically, each switching device 35 is
connected to the second signal line through a drain serving as a first
main electrode and a source serving as a second main electrode. (See
FIG. 11(B) for more detailed illustration.)

In this case, the predetermined intersections, i.e. crossover points
in the vicinity of which the switching devices 35 are provided, are set as
follows. Assume that a value m which is one of values 0 to 7 in decimal
notation is defined as address designation signals A3 to A5. In the
conventional row decoder 30, switching devices 35 are provided such
that when the value m is inputted into the first signal line group 31, the
provided switching devices 35 become conductive and a m-th second
signal line, that is, second signal line 33,, corresponding to the value m in
the decimal notation out of the signal lines 33, to 33, in the second signal
line group 33, turns into a first electric state (a conductive state in this
case).

More specifically, in the prior art of FIG. 10, in respect of the O-th
signal line in the second signal line group 33 or signal line 33, the
switching devices 35 are provided in the vicinity of intefsections between
the second signal line 33, and the first signal line 31, 31, and 31,
respectively. Due to this, when (0, 0, 0) (corresponding to "000" in the
binary notation), that is, m = O {in the decimal notation) is inputted as
address designation signals A3, A4 and AS, respective switching devices

35 in the vicinity of the above intersections are turned on and other
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desi gnatlon signals AOto A2 and a row sel ected by one b|t si gnal anong
t he second address designation signals A3 to A5,.is dpeen Replaced A ro
decoder and a colum decoder havi ng struyctures descri ,

exanpl es of the above-stated conventional row decode Hi)m‘rm
decoder 50. An exanpl e of the structure of the row decoder 30 w |
be now described. FIG 10 is a circuit diagramshow ng the inner structure

of the row % ?ﬁ]x‘? dafs ices 35 %rqv-{{fgd Er?%g%cqg% oZQ%%Sﬂgelrr;E??E%%I?s EEE‘?é t§| gnal

i ne group 3 con Ine grou

o o o L B g TG b BB
lines 31,, 31, and 31, are turned off, respectively. As a result, only the
0-th signal line 33, in the second signal line group 33 is selectively
conductive. As regards, for example, the 7th signal line 33, in the
second signal line group 33, switching devices 35 are provided in the
vicinity of intersections between the second signal line 33, and the first
signal lines 31,, 31; and 31, respectively. Due to this, when (1, 1, 1)
(corresponding to "111" in the binary notation), that is, m = 7 (in the
decimal notation) is inputted as address designation signals A3, A4 and
A5, the switching devices 35 in the vicinity of these intersections are

turned on and other switching devices 35 provided in the vicinity of the
intersections between secend signal lines other than the 7th signal line
33, and the first signal lines 31,, 31, and 315 are turned off, respectively.
As a result, only the 7th signal line 33, in the second signal line group 33
is selectively conductive.
In this way, in the conventional row decoder 30, if the value m is
inputted as the address designation signals A3, A4 and A5, the signal
line 33, corresponding to the value m becomes conductive. The

relationship is shown in Table 1 below.
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to 41[’err]. The first signal line group 31 consists—ef—stxparallel

sitgnal lines 31[err] to 315. The signal A3 out of the three address aced
designation signals A3 to AS is inputted into a si gnal Tlnsm ep
first signal line group 31. The signal A4 is inputted |
313. The signal A5 is inputted into a signal |ine 31[err
opposite in phase to the signal A3 is |nputted|ntoa5|gna I|ne 31[er ]
in the first signal |ine group 31. gﬁg A4 opposite in phase to the
signal A4 is inputted into a signal tin H -
3
Value m designated by A3-AS Signal line in first state
(AO-A2) (conductive state) among
signal lines 33, to 33,
0 33,
1 33,
2 33,
3 33;
4 33,
S 33;
6 33,
7 33,

The pull-up resistoré 37 connect the signal lines 33, to 33, in the
second signal line group 33 to the power supply V, respectively.

Input terminals of the output inverters 39, to 39, are connected to
nodes between the second signal lines 33, to 33, and the pull-up
resistors 37, respectively.

In the row decoder 30, when (0, O, 0) is inputted as an address
designation signal, the signal line 33, in the second signal line group 33
turns into a conductive state based on the above-described principle
while other signal lines 33, to 33, turn into a second electric state, thatis,
a non-conductive state. Due to this, the input terminal of the inverter
39, becomes H level while input terminals of the remaining inverters 39,
to 39, become L level. As a result, the terminal CLO becomes H level and
the terminals CL1 to CL7 become L level. Therefore, one of the terminals
CLO to CL7 (CLO in this case) can be selectively made H level.

The following structure is typical of the actual structure of the row
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and a‘'signal A5 opposite in phase to the signal A5 is inputted Into a

| evel when

signal line 314. Here, a signal of opposite phase suoﬂls%ﬁee t L
address designation signals as described above, the S Eﬁﬁp

into the si
t he out put

a signal A3 is at H (or L) |evel.

p

gnal line 311 through the inverters 41[err mﬁﬁ%ﬂ

of the inverter 41[err] is inputted as the signal A3 into

Siferr] thr GgHTA0 ofed fl 2Ry SHipiopnghl éé?@t?ﬁr%?eafqﬁﬁﬁc?ﬁ%?% itdse
| nverter 41é fehlwith rePRELEED %"f(}tsh?lfA ganaé (£)4 Iﬂho tlhtg atsb n v1et|;v' W e131

a portion Q indicated by a broken line in FIG. 10 is emphatically shown.
FIG. 11(B) is a cross-sectional view taken along lines I-I of FIG. 11(A). It
is noted that FIG. 11(B) is a cross-sectional view where a section is
emphatically illustrated.

In FIGS. 11(A), 11(B), reference numeral 35 denotes a gate
insulating film of a field effect transistor 35; 42 a silicon substrate as a
semiconductor substrate; 43 an impurity diffused region (source-drain
region) in an active region; 45 an interlayer insulating film; and 45a a
contact hole provided in the interlayer insulating film 45.

As can be understood from FIG. 11, in the actual structure,
band-shaped active regioﬁs are formed in planned portions (including
the impurity diffused region 43 in FIG. 11) for the formation of the second
signal lines 33, to 33,, respectively on the semiconductor substrate 42.
The first signal lines 31, to 31 in the first signal line group 31 are
constituted by part of a wiring or interconnecting member (on a first
layer) provided on the interlayer insulating film 45. 1In addition, as can
be, in particular, understood from FIG. 11(B}, the signal lines (the signal
line 33, in FIG. 11(B})) in the second signal line group 33 are constituted
by portions where part R of the wiring member on the first layer, the
impurity diffused region 43 and the field effect transistors 35 are
connected in series. In FIG. 11(B), while the three field effect transistors
35 are being turned on, the second signal line 33, is conductive.

Meanwhile, a column decoder having a structure to be described

below with reference to FIG. 12 is an example of the above-stated

ut of
utted
and

t he

t he
[err].

conventional column decoder 50. That is, it is an address decoder
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Moreover, the signal A5 is inputted into the signal |ine 315 through The
inverters 414 and 415, and the output of the inyerter TH3§metidhs Besn RAMG;T €d
as the signal A5 into the signal line 3l[err]. AN - ponal
| ine group 33 consists of eight parallel signal i hesi EEQNMMEHH .
The second signal line group 33 is arranged to intersect:y: T I gnal
line 31. It is noted that, in actuality, the second signal |ines 33[err]

‘o 33 : . r . ot ; ;
i fTubed | aDRritieE sHRERL B ALRAR ol JTRRFROH 3P el frBuchfPllde Y o
q T on . . . : 25 |

o ovi ded | nitfeEteraadh 830 Himoved rom B Lot fenE Mo B CRYLERE 1o ' °
among i nt er §ecSd& 80 BeEcribed with reference to FIG. 10 and in which signals A0 to

A2 are inputted as address designation signals.

In the column decoder 50, when a value m (where m= 0 to 7) is
inputted as the address designation signals AQ to A2, a signal line 33, in
the second signal line group 33 becomes conductive and the remaining
signal lines in the group 33 become non-conductive. Due to this, the
signal line R, among the signal lines RO to R7 in the column direction of
the memory cell array 10 can be selected. The relationship between the
value m indicated by the address designation signals AO to A2 and the

‘conductive signal line 33, can be expressed by truth values shown in
Table 1 above. .

However, in the conventional row decoder 30 and column decoder
S50 mentioned above, the switching devices 35 are arranged regularly.
Description will be given thereto below.

It is observed whether or not switching devices 35 are provided in
the vicinity of intersections between the signal lines 31, 31; and 31; in
the first signal line group 31 and the signal lines 33, to 33, in the second
signal line group 33, respectively. The observation is made from left to
right, that is, from second signal lines 33, to 33, in the second signal line
group 33 and from top to bottom in FIG. 10. Then, it.is seen that no
switching device is provided in the vicinity of three intersections between,
for example, the signal line 33, and the signal lines 31,, 31, 31s,
respectively. Such a state is expressed as (0, 0, 0). It is noted that 'O’
dignifies that a switching device 35 is not provided in the vicinity of an

observed intersection while '1' dignifies that the device 35 is provided
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crossover points) P between the first signal |line group 31 and the second

signal |ine group 33, although only part of the .intersections are denoted
by Pin FIG 10. The intersections wl|l 9be descri bed |’I‘ﬁﬁ§[{eetHasBecch ah of
the switching devices 35 has a control signal input t he
swi tching device 35 can be nmade out of an enhancerrent ’ . or
N-channel field effect transistor. In FIG 10, the svm 35

consi st of enhancenent type N-channel field
4

In case of three intersections (or crossover points) between the
signal line 33, and the signal lines 31,, 31,, 315, respectively, a switching
device 35 is provided in the vicinity of the intersection between the signal
line 33, and the signal line 31, while no switching device 35 is provided in
the vicinity of other two intersections. This state is (1, 0, 0). Likewise,
states of the signal lines 33, to 33; are (0, 1, 0), (1, 1, 0}, (0, 0, 1), (1, O, 1),
(0, 1, 1) and (1, 1, 1), respectively.

Namely, in the conventional row decoder 30 and column decoder
50, the switching devices 35 are arranged in a regular manner
corresponding to the arrangement order of three bits in the binary
notation. This produces a problem that the third party can easily
analyze which signal line is conductive in the second signal line group 33
when address designation signals are inputted.

There is a case where the third party reads data within the memory
cell array by using, for example, a probe and tries to misuse the data.
To do so effectively, the third party may well first analyze which signal
line is conductive in the second signal line group 33 when address
designation signals are inputted.

It is of course possible to sequentially change address designation
signals and to analyze which signal lines become conductive in the
second signal line group in accordance with which addfess designation
signals by using a probe one by one. However, consecutive analysis
using a probe, if applied to a large-scale semiconductor memory, requires
considerable time and labor. It is preferable for the third party
intending to misuse data to discover which signal line in the second

signal line group 33 is conductive in accordance with which address
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ef fect: tr—a—n-s_l—;t—c_)rs respectively. The control signal input termnal (or, to
be specific, a gate electrode) 35a of each switchi ngi’%ﬂﬁgﬁgeeﬁ&m@ﬂhect ed
to a first signal line closest to the caorespondi ng\ Lm”l”me _
switching device 35 per se is connected, in series, \Q _ al line
closest to the intersection. Specifically, each sw tthig devi-ce 35 is
connected to the second signal |ine through a drain serving as a first
T1E) Tor . oy SGRIdh ST TR thOGchinernBEOB B EhAR A8fRes Irfhe 1 ©
Wi ch the Servcmaeoaredogers dRIASTRYR aRA IRy bOL M M UL e
that a val ughB'civeRtibhaPRAdPEss'@bdtrierOit & dadytodGAIYBE which signal line
in the second.signal line group 33 is conductive according to certain
address designation signals from the arrangement of the switching
devices and, therefore, the third party tends to easily read data in the
memory cell array and the like. This is not desirable in view of
information security.

It is therefore an object of the present invention fo provide an
address decoder capable of making it more difficult to visually analyze
which signal line in the second signal line group is conductive according

“to inputted address designation signals than in the case of the
conventional decoder.

It is another object of the present invention to provide a
semiconductor memory which data is difficult to misuse by a third party.

Furthermore, in case of a semiconductor device comprising at least
one of a logical product circuit (AND circuit), a logical add circuit (OR
circuit) and an inverter circuit, it is preferable that the true structure
thereof cannot be easily observed visually to prevent a third party from
imitating the semiconductor device and the like. Therefore, it is yet
another object of the present innovation to provide a semiconductor
device having a structure in which the true structures of .at least one of a
logical product circuit, a logical add circuit and an inverter circuit are
difficult to observe visually.

SUMMARY OF THE INVENTION

(1) An address decoder according to the first mode of present

invention comprises a first signal line group into which address
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notatiron is defined as address designation signals A3 to A5. In the
conventional row decoder 30, switching devices 35 are rm@\‘shedﬂdsBétﬁhepIJc&at

when the value mis inputted into the fijst S|gnal I|ne
provi ded swi tchi ng devices 35 becone conductive and a m % H&l
line, that is, second signal line 33[err] corresponding t 3
the decinal notation out of the signal lines 33[err] to 337 in the second

! ’ e ! I q
Stare in trieofdfion ighds R il Belildd el LRI RO LPPYEer
10, - | | )] | 33
or st gnal | ieeedspLbonid flgndl BH8 el Tnldlstiing BEE Rt LA ifelrotipe P
vicinity of ) StEReGihOWT NG APHRes numbered 0 to n, and switching devices

respectively provided in the vicinity of a plurality of predetermined

intersections out of intersections (or crossover points) between the first
and second signal line group. The switching devices have their control
signal input terminals connected to first signal lines in the first signal
line group, respectively, and have their main current path connected, in
series, to the second signal lines in the second signal line group,
respectively. Each of the switching devices is on/off controlled in
accordance with the address designation signals m to thereby turn one of

" the signal lines in the second signal line group into a first electric state.
According to the constitution of the address decoder, the predetermined
intersections are set such that one of the signal lines other than a signal
line numbered m out of the signal lines numbered O to n in accordance
with at least two kinds of the address designation signals m,

According to the first mode of the present invention, the switching
devices are arranged more irregularly than those in the conventional
address decoder described with reference to FIGS. 10 or 12. This can
make it more difficult for a third party to analyze which signal line in the
second signal line group is turned into the first electric state, for example,
conductive state in accordance with address designation .signals from the
arrangement of the switching device than in the case of the conventional
address decoder. *

To carry out the first mode of the present invention, the simplest
way to determine the predetermined intersections is to set them such

that when m, is inputted as address designation signals, a m,-th signal
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the second signal line 33[err] and the first signal Ii e ?éjz[ r 3a rr]
and 31[err], respectively. Due to this, when (0, O, S g to
"000" in the binary notation), that is,jom= 0 (in the Ion) S

i nputted as address designation signals A3, A4 and A5,
switching devices 35 in the vicinity of the above intersections are turned
on and ot her switching devices 35 provided in the vicinity of

the inter seqliefs tktljee S8R signal line group is conductive and such that when m,

is inputted as address designation signals, m,-th signal line in the
second signal line group is conductive. Alternatively, the predetermined
intersections can be set such that signal lines numbered O to n other
than the signal line numbered m are selectively conductive in accordance
with, for example, three or four kinds of address designation signals. It
is also possible that the signal lines numbered O to n other than the
signal line numbered m selectively turn into a conductive state in
accordance with each of said address designation signals m. That is,
the second signal lines numbered, for example, 3, 0, 7, 5, 6, 1, 4 and 2
out of the signal lines numbered O to 7 are conductive in accordance with,

~ for example, the address designation signals 0, 1, 2, 3, 4, 5, 6 and 7 in
due order. This invites much more preferable and irregular
arrangement of the switching devices.

An address decoder according to the second mode of the present
invention comprises a first signal line group into which address
designation signals m are inputted, where m = 0 to n and n is a positive
integer, a second signal line group intersecting the first signal line group
and consisting of signal lines numbered O to n, and switching devices
respectively provided in the vicinity of a plurality of predetermined
intersections out of intersections {or crossover points) between the first
and second signal line group. The switching devices héve their control
signal input terminals connected to first signal lines in the first signal
line group, respectively, and have their main current paths cgnnected, in
series, to the second signal lines in the second signal line group,
respectively. Each of the switching devices is on/off controlled in

accordance with the address designation signals m to thereby turn one of
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second signal lines other than the O-th signal 33[err and the first_ 5| 51 gnal

result,

| rnes 31[err], 31[err] and 31[err] are turned off, eﬁ@&etm@hy@ng

only the O-th signal line 33[ermy] in the sec

33 is selectively conductive. As regards, for exanpl

33[err]

i ive. : al
in the second signal |ine group 33, sw tching mev;ﬂm

provided in the vicinity of intersections between the second signal I

33[err] and &llée %h%f h{lﬁg Inqr} Aecgﬁa %éﬁ% fixlx? (gg%{;géét%gr}flrs"é jeﬁeeétgllflﬁtatei n the

respectively.

I'ng to

group

i ne

I ne

addr ebs. deai Hiarddred Shé?d&k?f% SorpDFine S Bl iy GRhHBRYivt SAiAREST 70
vicinity of jhes ﬁéﬁﬁéﬁf ;{fr{@resm&aé&qﬁ 1 Hachit) Rerais ¥k bt ng gvi ces

35 provided I1n't VI CI ni

intersections other than the predetermined intersections. The
constantly conductive switching devices are provided such that their
control signal input terminals are connected to the first signal lines,
respectively and that their main current paths are connected, in series,
to the second signal lines, respectively.

The address decoder in the second mode according to the present
invention has a structure in which not only switching devices on/off

controlled in accordance with address designation signals but also

" constantly conductive switching devices are included in the switching

device matrix. Since the constantly conductive switching devices are
constantly conductive, they do not contribute to switching operation and
they function as dummy switching devices camouflaging the
arrangement of the true or normal switching devices. Due to this,
compared to the conventional address decoder described with reference
to FIGS. 10 or 12, it is difficult to specify the arrangement of the true
switching devices. As a result, even if a third party tries to analyze
which signal line in the second signal line group is conductive according
to address designation signals, it is more difficult to do so than in the
case of the conventional address decoder.

To carry out the second embodiment according to the present
invention, it is desired that the constantly conductive switcping devices
(dummy switching devices) are respectively provided in the vicinity of all

intersections other than the predetermined intersections. This is

because the less clearly arrangement of the true switching devices can be
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i ntersections between second signal |ines other than,the 7th signal i
33[err] and the first signal lines 31[err], 31[err] 7ﬁ' aeBd‘e}lR&ﬁ@ t
off, respectively. As aresult, only thé 7th signal e
signal line group 33 is selectively conductive. Wﬂz
conventional row decoder 30, if the value mis inputted as't ress

desi gnati on
to the valu
bel ow.

—————

I ne

ur ned
second
in the

signals A3, A4 and A5, the signal |ine 33[err] corresponding
ProvidRACOMESHEONHUCLINE: prefifablk Bl SN MahtifsboNe idr Tgble 1

semiconductor memory and for providing a smaller semiconductor
memory, compared to a case where the constantly conductive switching
devices are provided partly.

To carry out the second mode according to the present invention, it
is further preferable that the constantly conductive switching devices are
provided to make it difficult to discriminate them from the true switching
devices. It is, for example, desirable that dimensions of respective
elements, such as the gate length and gate width of a field effect
transistor, as well as arrangement of the elements are the same as those
of the true switching devices.

An address decoder according to the third mode of the present
invention comprises a first signal line group into which address
designation signals m, where m = O to n, n is a positive integer, is
inputted, a second signal line group intersecting the first signal line
group and consisting of signal lines numbered O to n, and switching
devices respectively provided in the vicinity of a plurality of
predetermined intersections out of intersections (or crossover points)
between the first and second signal line group. The switching devices
have their control signal input terminals connected to first signal lines in
the first signal line group, respectively, and their main current paths
connected, in series, to second signal lines in the seéond signal line
group, respectively, Each of the switching devices is on/off controlled in
accordance with the address designation signals m to thereby turn one of
the signal lines in the second signal line group into a first electric state.

The address decoder further comprises a shielding film for preventing

connection relationship between the control signal input terminal of éach
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6 o [ TABLE 1] Val ue m desi gnat ed by

A3- A5 Signal line in first state . Thissh en Replac
(conductive state) anong 15 l I I l I, si gnal
lines 33[err] to 33[err] 0

33[err] 1 err]

2 33[err]

23[ err] of the switching dévice and each Qf the ]signal lines in the first sgél[ﬁlr fite
33[err] group from being ¥isually recognized. 33[err]

According to the third mode of the present invention, since the
shielding film is provided, it is possible to make it more difficult to
confirm the arrangement of the switching devices than in the case of the
conventional decoder. Due to this, even if a third party tries to analyze
which signal line in the second signal line group turns into a first state in
accordance with address designation signals from the arrangement of the
switching devices, he or she finds it more difficult to do so than in the
case of the conventional decoder.

In a preferred embodiment according to the present invention, it is

- preferable that the address decoder has a structure in which
intersections in the vicinity of which true switching devices are provided
are irregularly arranged and which constantly conductive switching
devices (i.e. dummy switching devices) are provided in the vicinity of part
or all of the intersections other than those in which the true switching
devices are provided, respectiveiy.

In another embodiment according to the present invention, an
address decoder can has a structure in which intersections in the vicinity
of which true switching devices are provided are arranged irregularly and
which a shielding film is provided.

Furthermore, the address decoder according to the present
invention preferably has a structure in which intersections in the vicinity
of which true switching devices are provided are arranged irregularly,
which constantly conductive switching devices are provided in the
vicinity of part or all of the intersections other than those in the vicinity of

which the true switching devices are provided, respectively, and which a
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The pull-up resistors 37 connect the signal lines_33[err]-to-33fer+rt in the
second signal line group 33 to the power supply.V, respectively.
| nput termnals of the output invertersi@9[err] tqh,ggﬁeem{a}xs@ﬁnepﬁeaanect ed to

nodes between the second signal lines 33[err] to 3 pul | -up
resistors 37, respectively. In the rOMldECO:ﬂﬂ , 0 0) is
I nputted as an address designation signal, the sig in the

second signg 1%&;;% gﬁﬂl{?é)%év\,\l,ﬁ&ﬁr ns into a conductive state based on t he

above-descri e other signal lines 33[err] to 33[err] turn
into a second el S o St

this, the input tﬁg aﬁ%ﬁ#& ﬁiéérlél?]r\?gr (gﬁ%gﬁr?%?hﬁ% Hﬂlgg\}glggg\ﬁl | e

i nput term ﬁ?x}é“ntﬂfn,t B LAdRLY r&cb&t\!rerﬁr%'i'&a%% &hdd a structure in which

constantly conductive switching devices are provided in the vicinity of

which part or all of the intersections other than those in the vicinity of
which true switching devices are provided and which a shielding film is
provided.

The address decoder in each of the preferred embodiments
according to the present invention has a complex structure since not less
than two of the first to third modes according to the present invention are
combined. As aresult, it is possible to make it more difficult for a third

" party to visually recognize which signal line in the second signal line

" group is conductive in accordance with inputted address designation
signals than in the first to third modes according to the present
invention.
(2) A semiconductor device according to the present invention
comprises a memory cell array and a row and column decoders
connected to the memory cell array, respectively. One of the address
decoders of the above-described structures is used as at least one of the
row decoder and the column decoder. Due to this, it is possible to
provide a semiconductor device capable of making it difficult to visually
grasp which signal line in the second signal line groupl is conductive in
accordance with inputted address designation signals. As a result, a
semiconductor device capable of making it more difficult for a third party
to misuse the data of the device than in the case of the conventional
device.

(3) A semiconductor device, including a logical product circuit,
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to 397-becone L level. As a result, the termnal CLO becomes H Ievel and
the termnals CL1 to CL7 becone L |evel. Thereforemscsaetmfth:dn@e fhi nal s
CLOto CL7 (CLOin this case) can be selgctively rra

followi ng structure is typical of the actual struct E“M!

7

given with reference to FIGS. 11(A) and (B).

decoder

30 on and in the sem conductor substrat scription wll

according to the present invention comprises a switching device
sequence (or array), a pull-up resistor and at least one constantly
conductive switching device. The switching device sequence or array
has at least two switching devices connected in series. The switching
devices is on/off controlled in accordance with a signal inputted into
their control signal terminal. The pull-up resistor pulls out an output
node of the switching device sequence to a power supply. The
constantly conductive switching device has its control signal input
terminal connected in series to the switching device sequencé.

Another semiconductor device, including a logical add circuit,

according to the present invention comprises a switching device

' sequence, a pull-down resistor and at least one constantly conductive

switching device. The switching device sequence has at least two
switching devices connected in series. The switching devices is on/off
controlled in accordance with a signal inputted into their control signal
terminal. The pull-down resistor pulls down an output node of the
switching device sequence to a ground. The constantly conductive
switching device has its control signal input terminal connected in series
to the switching device éequence.

According to the semiconductor device of the present invention,
the control input terminals of the on/off controlled switching devices and
those of the constantly conductive switching devices are recognized as
input terminals of the logical product circuit or logical add circuit by a
third party. However, the control input terminals of ’_the on/off
controlled switching devices contribute to the actual operation. Namely,
although the actual circuit is the logical product circuit or logical add

circuit having n inputs (where n is an integer not less than 2), it is
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FIG 11 is a plan view where



a portion Qindicated by a broken line in FIG 10 is enphatically shown.
FIG 11(B) is a cross-sectional view taken al ongTHii ShesHisBeen®eplies. 1 1( A) .

It is noted that FIG 11(B) is a crossgsectional ._ | Mlisection is
enphatically illustrated. In FIGS. 11(A), - ce nuner al
35 denotes a gate insulating filmof a field eff 35; 42 a
silicon substrate as a sem conductor substrate; 43 an inpurity diffused
regi on (so | i [ e reaion; 4 ' I

meulat | ng PPEFRE £ Anaked kg By VRSl ros TR0 1615 AQoRRRE T BYEE:

I nsul ati ng .fd.l# : e : [ act ual
1Sl a1 0 cloEh 85 ot agd ATCEAHRARNIEL By ABES FIHEL L ik n VhckBE
(includingnoet less than 1). As a result, it is possible to make it difficult for the

third party to, for example, imitate the semiconductor device.

A semiconductor device, including an inverter circuit, according to
the present invention comprises a switching device, a pull-up or pull-
down resistor and at least one constantly conductive switching device.
The switching device has its control signal input terminal and is on/off
controlled in accordance with a signal inputted into the control signal
input terminal. The pull-up resistor pulls up an output node of the
switching device to a power supply. The pull-down resistor pulls down
the output node of the switching device to a ground. The constantly
conductive switching device has its control signal input terminal
connected in series to the switching device.

Still another semiconductor device of the present invention,
control input terminals of on/off controlled switching devices and those
of constantly conductive switching devices are visually recognized as
input terminals by a third party. Due to this, although the circuit is an
inverter circuit, it is possible to make the third party recognize the circuit
as a logical product circuit or logical add circuit. As a result, it is
possible to make it difficult for a third party to, for example, imitate the
semiconductor device.

Still another semiconductor device, including a CMOS. inverter
comprising a series circuit of p-channel and n-channel fipld effect
transistors, according to the present invention includes as a part of the
CMOS inverter at least an enhancement type field effect transistor

connected in series to the series circuit.
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the inmpurity diffused region 43 in FIG 11) for the formation of the second
si-gnal lines 33[err] to 33[err], respectively on tﬁm%mﬁﬁmdutc laned

substrate 42. The first signal lines 3j4 err] to 31 ol rst

signal line group 31 are constituted by part of a

I nt erconnecting nenber (on a first Iayer) prOV|ded on nter

insulating film45. In addition, as can I n partlcular understood from

he second s?Sﬁafﬁ%eﬁ%r ' %@@g@hﬁré %m@%ﬁéﬁ?}aﬁﬁéaﬁgﬁé ; a%B@ari“ge
f th I I h 4
and. the {1 cHAdRRER rFé‘odé{g?% S aole B cﬁscaﬁﬁ otk thad aPMdS SgeRRe
the Second TPimaRS S aafef GTbET: bR Ko party o, %oF S g o

the semiconductor device.

The foregoing an other objects, features and advantages of the
present invention will be better understood from the following description
taken in connection with the accompanying drawings, in which:

FIG. 1 is a circuit diagram for explaining a first embodiment of the
address decoder according to the present invention;

FIG. 2 is an explanatory diagram of the first embodiment of the

‘address decoder according to the present inventioni, wherein, in
particular, FIG. 2(A) is a plén view for describing the actual structure of a
part Q1 of FIG. 1, and FIG. 2(B) is a cross-sectional view taken along
lines [-1 of FIG. 2(A);

FIG. 3 is a circuit diagfam for explaining the second embodiment of
an address decoder according to the present invention and a circuit
diagram of the address decoder;

FIG. 4 is an explanatory diagram of the first embodiment of the
address decoder according to the present invention, wherein, in
particular, FIG. 4(A) is a plan view for describing the actual structure of a
part Q2 of FIG. 3, and FIG. 4(B) is a cross-sectional view taken along
lines I-1 of FIG. 4(A);

FIG. 5 is a circuit diagram for explaining a third embodiment of an
address decoder according to the present invention, wherein , In
particular, FIG. 5(A) is a plan view for describing the actual structure of a

part of the address decoder, and FIG. 5(B) is a cross-sectional view taken
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Meanwhi | e, a columm decoder having a structure to be—described befow with
reference to FIG 12 is an exanple of the above',.Sta’ifdshe&ﬁ?s‘ﬁ%@x{[ﬂe&%& col um

18

decoder 50. That is, it is an address d?Poder ) .
8 having a structure in which the pull-up resi stojmmﬂluﬂﬁﬂtllwu
output-side inverters 39[err] to 39[err] are renove ] Sstituent

el gament; of the row decoder 30 described with reference to FIG 10 and in
whi chsi gnala?orf\go ligu(c):s I-1 of FIG. 5(A);

FIG. 6 is an explanatory diagram of a semiconductor device
comprising a logical product circuit, wherein, in particular, FIG. 6(4) is a
circuit diagram where the AND circuit is emphatically illustrated; FIG.
6(B) is a plan view for describing the actual structure of the part shown in
FIG. 6(A), and FIG. 6(C) is a cross-sectional view taken along lines I-I of
FIG. 6(B);

FIG. 7 is a circuit diagram for explaining a semiconductor device
comprising a logical add circuit, in which the logical add circuit is
emphatically illustrated;

FIG. 8 is a circuit diagram for explaining a semiconductor device
comprising an inverter circuit, in which the inverter circuit is
emphatically illustrated,;

FIG. 9 is a diagram for explaining the prior art and the problems
thereof, particularly, on the basis of one example of the structure of the
semiconductor device;

FIG. 10 is a diagram for explaining the prior art and problems
thereof, particularly, on the basis of one example of the structure of the
conventional row decoder;

FIG. 11 is a diagram for explaining the prior art and problems
thereof, wherein, in particular, FIG. 11(A) is a plan view for describing the
actual structure of a pért Q of FIG. 9, and FIG. 11(B) .is a cross-sectional
diagram taken along lines I-1 of FIG. 11(A}; and

FIG. 12 is a diagram for explaining the prior art and problems
thereof, particularly, on the basis of the structure of the conventional

column decoder.
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A2 are inputted as address designation signals. In the colum-

designation signals AOto A2, a signal h ne 33[err]
| ine group 33 becones conductive and the remaining

group 33 becone non-conductive. Due to this, the si iﬂgﬂmﬂ

decoder 50, when a value m(where nE 0 to 7) is i ﬂﬂ)iﬂSheed{aﬁﬁeeLﬁg,laF%dreSS

t he signal

10 can be selected., The rel ationship between the

lines ROto R7 in the colum direction of the nenory cell

address desi gnat Egreadigaits okdheprgsenhinvention il aw ke despaed wilh
33[err] can be erbx‘%:“%é%%d by truth values shown in, Table 1 above

However, i nf¢IREE

€oRBRWINRS- ddt d§eRotasl dhat dheusmbedimgats of the

address decoders according to the present invention can be applied to
both the row decoder described with reference to, for example, FIG. 10
and the column decoder described with reference to, for example, FIG. 12.
However, the embodiments below will illustrate cases where address
decoders are applied to the column decoder which has been described
with reference to FIG. 12. In addition, respective figures used in the
description show dimensions, shapes and arrangement of the
constituent elements only schematically to such an extent that the

present invention can be understood. Furthermore, in the explanatory

' diagrams of the address decoders, the same elements as those described

with reference to FIGS. i‘O to 12 are denoted by the same reference

numerals as those in FIGS. 10 to 12. Description thereto may not be

given.

The first embodiment of an address decoder according to the
present invention will first be described with reference to FIGS. 1, 2 and
Table 2. FIG. 1 is a circuit diagram of an address decoder 100 in the
first embodiment according to the present invention. FIG. 2(A) is a plan
view showing the actual structure of a part Q of FIG. 1; and FIG. 2(B)
illustrates the section of the cross-sectional diagram taken along lines I-
I of FIG. 1.

In the address decoder 100, first signal lines 31, to 315 and second
signal lines 33, to 33, constitute the matrix arrangement at intersections.

Among those intersections, only in areas or the vicinity of the selected

intersections, true or normal switching device are connected to the
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50 menti oned above, the sw tching devices 35 are arTlrhan ed regul arl y.

Description will be given thereto bel ow sB&ﬁIRyggget her or
not switching devices 35 are provided b the Vi Ci n| t| ons

bet ween the signal lines 31[err], 31[err] and 31[err t si gnal
line group 31 and the signal Ilnes 33[err] to 33[err] |n si gnal

line group 33, respectively The observation is nmade fron1|eft tod rlghtI
that is, f 33[err] to 33[e in the second signa
e g ou B¥I8nd TheS o itsto0e: Sriirm pens 1% SorhehDE LeTEeceatpRnat o
switchin | rovi in the VI nit hree i ntersect.ions

b\(,avlt ween, ° %%\ﬁtpoelgﬁzp %Cﬁgeaﬁaﬁlgrll?lne g é{?‘] rg cﬁé"s"ﬁ‘%ﬁé‘l hereat

81[ 8; r] | t 3?5[8‘53%%1%111& { gu{é Dé Sc%p%éry ew¥ll ggcrélvaenStﬁéreemafteeffprwehslfed as (0,

transistor device is used as the switching device. In the embodiment
of the arrangement shown in FIG. 1, two signal lines are sequentially
defined as a pair of signal lines among the first signal lines. An address
designation signal is allotted to each pair of the signal lines.

Table 2 is a truth value table showing the relationship between a
value m indicated by address designation signals A0, Al and A2 and a
signal line 33, which becomes conductive by the address signals.

Normally, when analyzing an address decoder, a decimal numeral

" m is varied from low to high numbers, address designation signals AO to
A2 changing in accordance with the decimal numeral m are supplied to
the first signal lines and it is examined which second signal lines are
conductive.

To attain the objects of the present invention, it is necessary to
arrange 'switching devices in the vicinity of intersections so as not to
make it discovered in the vicinity of which intersections forming a matrix,
true switching devices are connected while an analysis is made. In
consideration of the above point, in the address decoder 100 in this
embodiment, intersections in the vicinity of which switching devices are
provided, respectively, are set such that, when a value m (where m = 0 to
7) is inputted as address designation signals AO, Al and A2, signal lines
other than m-th signal line among O-th to n-th signal lines 33, to 33; in
the second signal line group 33 selectively turns into a first electric state |
in accordance with five kinds of address designation signals m=0, 1, 2, 4,

5. Here, the first electric state is set to, for example, a conductive state.
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dignifies that a switching device 35 is not provided in the vicinity of an
observed intersection while '1' dignifies that the m HaFeri eplpdoVi ded

9 t herei n. In case of three i28 ersections poi nt s)
between the signal line 33[err] and the signal |in !I[err],
3l[err], respectively, a switching device 35 is provided | 'vicinity

of the intersection between the signal
That is to say, as shown in Table 2 below, intersections in the

vicinity of which switching devices are provided are set such that, when
mis O, 1, 2, 4 or 5, signal lines 33,, 33,, 33,, 33;, 33, other than the
signal line 33m become conductive and when m is 3, 6 or 7, the signal

lines 33;, 33;, 33, corresponding to the value m become conductive.

[TABLE 2]

Value m designated by AO-A2 | Signal line in first state (conductive
state) among signal lines 33,-33,

o

33,
33,
33,
33,
33,
33,
33,
33,

~N O 0 AW N

To realize the operation shown in Table 2, as for the signal line 33,
in the second signal line group 33, switching devices 35 are provided in
the vicinity of an intersection between the signal line 33, and the signal
line 31,, an intersection between the signal line 33, and the signal line
31; and an intersection between the signal line 33, and the signal line 31,,
respectively.

As for the signal 33,, switching devices 35 are provided in the

vicinity of an intersection between the signal line 33, and the signal line
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line 33[err] and the signal line 31[err] while no SWItChI n deV| ce 35 IS
provided in the vicinity of other two |ntersect|o”ﬁh£sSSh a‘ie% (1, O,
0). Likewise, states of the signal lingg 332 to 33 u , (1, 1,
0, (0, 0, 1), (1, 0, 1), (0, 1, 1) and (1, 1, 1),

Nanely, in the conventional row decoder 30 and col urm decoder

switching devices 35 are arranged in a regul ar manner correspondi ng to the

o oY SRR ot BT o 101 L1 00 ThLS G
ot T SRS il R oy AT,
data within r%gﬁe%§.y

As for the signal 33,, switching devices 35 are provided in the
vicinity of an intersection between the signal line 33, and the signal line
31,, an intersection between the signal line 33, and the signal line 31,
and an intersection between the signal line 33, and the signal line 31,
respectively.

As for the signal 33;, switching devices 35 are provided in the
vicinity of an intersection between the signal line 33, and the signal line
31,, an intersection between the signal line 33; and the signal line 31,

" and an intersection between the signal line 33, and the signal line 31,,
respectively. -

As for the signal 33,, switching devices are provided in the vicinity
of an intersection between the signal line 33, and the signal line 31,, an
intersection between the signal line 33, and the signal line 31, and an
intersection between .the signal line 33, and the signal line 31,
respectively.

As for the signal 33, switching devices are provided in the vicinity
of an intersection between the signal line 335 and the signal line 31,, an
intersection between the signal line 33, and the signal line 31, and an
intersection between the signal line 33; and the signal line 315,
respectively.

As for the signal 33, switching devices 35 are provided in the
vicinity of an intersection between the signal line 334 and the signal line
31y, an intersection between the signal line 334 and the signal line 31,

and an intersection between the signal line 334 and the signal line'315, '
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cel| array by using, for exanple, a probe and tri &S To msuse the data. To

do so effectively, the third party may well first Isyegtq{ag\»ﬁéegﬁepﬁb@nal
line is conductive in the second signalg4ine group a

designation signals are inputted. It is of co lmmi%[ﬂ m
sequentially change address designation signals and |ch
signal |ines becone conductive in the second signhal line group in

accordance ¥%§6%qg3 address designation signals by using a probe one by
one. However 8 utive analysis using a probe, if applied to a

[T Us pref er abl eAPapt TS SIERTS Bupbehinng BeuicRh 2 FrPlild b M6 i over

which signaj,e Lhr]ﬁtér@eéﬁgn %%%\9@&1 the signal line 33, and the signal line 31,, an
intersection between the signal line 33, and the signal line 31; and an
intersection between the signal line 33, and the signal line 31,
respectively.

The way to connect the switching devices 35 to the signal lines,
respectively is the same as the conventional way. That is, a gate
electrode 35a serving as the control signal input terminal of the switching
device 35 is connected to the signal line in the first signal line group 31 in
the vicinity of the corresponding intersection, and the switching device
35 per se, that is, the main electrodes thereof are connected, in series, to
the second signal line in-the second group 33 in the vicinity of the
corresponding intersection. More specifically, the switching device 35 is
connected such that the main current path thereof is inserted, in series,
into the signal line in the second signal line group 33.

Since the intersections in the vicinity of which the switching
devices 35 are provided, respectively, are selected as described above, the
arrangement of the switching devices 35 in the address decoder in this
embodiment is irregular compared to that in the conventional address
decoder (column decoder). Therefore, a third party, even if trying to
analyze which signal line in the second signal line group is conductive in
accordance with certain address designation signals, has difficulty doing

so, compared to the conventional decoder.

In the above embodiment, description has been given to a case

where one signal line 33, (X # m) other than the signal line 33, is
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i ne

desi gnation signals fromthe arrangenent of ﬂ‘lﬁeS}&WHa&ﬁUexFﬂep eeé

the row and col unm decoders, that is, bgom a visual]l§ [N t .case,
in the conventional address decoder, it is easy to“’ﬂ@%ﬂ% si gnal
In the second signal line group 33 is conductiV [

e
B

address designation signals fromthe arrangenent of the sw tching

conductive in accordance with five kinds of address designation signals
m =0, 1, 2, 4, 5, respectively. However, this is only an example and the
present invention should not be limited thereto. If switching devices 35
are arranged such that one signal line 33, (X # m) other than the signal
line 33,, is conductive in accordance with at least two kinds of address
designation signals m, respectively, the advantage of the first
embodiment can be obtained. Therefore, it is possible that the signal
line 33, (X # m) other than m-th signal line 33, among the signal lines 33,
to 33, is selectively conductive in accordance with, for example, two
kinds of address designation signals m, respectively. Alternatively, it is

possible that the signal line 33, (X # m) other than m-th signal line 33, of

" the signal lines 33, to 33, is selectively conductive in accordance with all

address designation signafs m, respectively.

The above embodiment has illustrated a case of decoding eight (23)
signal lines 33, to 33,. Needless to say, the first embodiment is
applicable to other scales of address decoders. To be specific, if the
second signal line group 33 consists of 28 signal lines, address
designation signals are n bit signals and n swiftching devices are
connected to respective second signal lines based on the concept of the

first embodiment. It is, thereby, possible to apply this embodiment to

various scales of address decoders.

Next, the second embodiment of an address decoder according to
the present invention will be described with reference to FIGS. 3 and 4.
FIG. 3 is a circuit diagram of the address decoder 110 in the second

embodiment. FIG. 4(A) is a plan view showing the truth structure of a

part Q2 of FIG. 3. FIG. 4(B) is a cross-sectional diagram taken aiong |

ices in

to certain
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devices and, therefore, the third party tends to é;sTl;/\read\daJa\m

menory cell array and the like. This is not deswatp;h@sln vi ew of

I nformati on security. It is therf; ore an Obj astﬂmzmﬁﬁsgnt
invention to provide an address decodef’ capabl-e of

difficult to visually analyze which signal |ine | ﬁzy gnal
group i s conductive according to inputted address desi gnatl gnal
in the case of the conventional decoder. i s_anot her obj ect
the presentlines drit poRIG0 46fbviThe &rO%m@mnﬁdcqh@grm? @hi%dR) shows
difficult to msuse by a third party. Furthernore, in case of

seni conduct eMPdaficelydbeiacsiony at | east

In the second embodiment _of the address decoder, among
intersections between signal lines in the first signal line group 31 and
signal lines in the second signal line group 33, constantly conductive
switching devices 111 as dummy or pseudo switching devices are
provided in the vicinity of all or part of intersections other than those in
the vicinity of which inherent, that is, true switching devices 35 on/off
controlled in accordance with address designation signals. It is noted
that the dummy switching devices 111 are connected to signal lines in
the first signal line group 31 in the vicinity of the intersections belonging

to the respective control signal input terminals thereof and the devices
111 themselves are connécted, in series, to signal lines in the second
signal line group 33. The dummy or pseudo switching devices mean
switching devices which are not on/ off controlled by address designation
signals. Description below will given to a case where these dummy
switching devices consist of transistor switching devices.

Namely, in the address decoder 110 in this embodiment, among
intersections between signal lines in the first signal line group 31 and
those in the second signal line group 33, constantly conductive switching
devices 111 are provided in the vicinity of all of the intersections other
than those in the vicinity of which true switching devices 35 on/off
controlled by address designation signals are provided.

As true switching devices 35, N-channel type field effect transistors
of, for example, enhancement type are used. As constantly conductive
switching devices 111, field effect transistors of, for example, depression

type are used. If depression type field effect transistors are used as

t he

i ne
s than
of

REPLACED
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one .of a logical product circuit (AND circuit), | Qi Gal
Circuit) and an inverter circuit, it is preferabl
t hereof cannot be easily observed visuakly to prevRii!
imtating the sem conductor device and the |ike. s

|

i

anot her object of the present innovation to provide a sem conduct or
having a structure in which the true structures of at |east one of a

| ogi cal product cjrcuit, a.logical .add, circuit, and an inverter circuit are
di fficult t%fw%%%ﬁ}&ecw%%tm. witching' devices 111, gh%%ﬁﬁRi’léﬁ‘TFﬁnl ENTI ON

(1) An ad
conpri ses

ess .,decoder accqordi.ng .o the first pode of present inve
OFPEQ] LSRN MY GSSHEnIBPHEItES datg sgenfed “fegions Tof

forming constantly conductive switching devices 111 on the
semiconductor substrate 42, as shown in FIG. 4(B). To make it difficult
to discriminate -the depression type field effect transistors 111 from the
enhancement type field effect transistors 35, the transistors 111
preferably have the same dimensions, such as a gate length and a gate
width, as those of the transistors 35.

Since the channels 1l1la for the depression type field effect
transistors 111 per se are invisible, a third party recognizes the address

decoder 110 as if true switching devices 35 are arranged in the vicinity of

‘intersections, respectively therein. As a result, even if a third party tries

to analyzes which signal -'1ine in the second signal line group 33 is
conductive according to address designation signals, he or she finds it
more difficult to do so than in the conventional case.

As described above, in this embodiment, the constantly conductive
switching devices 111 as dummy switching devices are provided in all of
the intersections other than those in the vicinity of which true switching
devices 35 are provided. As can be seen from FIG. 4(A), therefore,
control signal input terminals (i.e. gate electrodes) of the switching
devices 35 and of the constantly conductive switching devices 111
arranged along the first signal lines 31, to 31;, respectively, can serve as
band-shaped gate electrodes bridging between the switching devices. In
other words, with such a structure, gate electrodes can be formed more
easily than in the case of providing constantly conductive switching
devices 111 in the vicinity of part of intersections other than those in the

vicinity of which the switching devices are provided, respectively.
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11 de5|gnat|on signals mare inputted, where m 0 to n and nis a

positive integer, a second signal line group inter %ﬁheﬂﬁmMQd si gnal
line group and consisting of signal |ipgs nunbered VM t chi ng
devices respectively provided in the vicinity of a

predeterm ned intersections out of intersections (or crossover points)
between the first and second signal |ine group. The sw tching devices have

their

contr gesides, the address decoder 110 in this embodiment can obtain a novel

advantage that the number of nodes between the gate electrodes and the
first signal lines is reduced. If the number of contacts points between
the gate electrodes and the first signal lines is reduced, the area for the
formation of the address decoder can be reduced as a whole.

It should be emphasized that the way to arrange true switching
devices 35 is not particularly limited in the second embodiment
according to the present invention. This is because the constantly
conductive switching devices 111 are mixedly provided among the true
switching devices 35 and therefore it is difficult for a third party to
analyze which signal line in the second signal line group is conductive
according to address designation signals.

For the above reasoﬁ, in the second embodiment according to the
present invention, it does not matter whether the true switching devices
35 are regularly arranged as described with reference to FIG. 12 or
irregularly arranged as described with reference to FIG. 1. Despite this,
for purposes of making it more difficult for a third party to analyze which
signal line in the second signal line group is conductive according to
address designation signals, it is desirable that the true switching
devices 35 are arranged irregularly. In the address decoder 110 in this

embodiment, the true switching devices 35 are irregularly arranged as

described with reference to FIG. 1.

The third embodiment of an address decoder according to the
present invention will now be described with reference to FIGS. 5(A) and
5(B). FIG. 5(A) is a plan view showing part of an address decoder 120 in

this embodiment. In the plan view of FIG. 5(A), hatching is giveﬁ to
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sighal-input termnals connected to first signal Ii £3 z&ﬁ&mﬁkﬁ &1S|gna
| i.ne group, respectively, and have their main curr X ﬁ@@ I n
series, to the second signal lines in thg second sig E"P
respectively. Each of the switching devices is on/of ﬁ

accordance wth the address designation signals mto thereby turn one of
the signal lines in the second signal line group into a first electric

or E&Et or i P ﬂ%&ié&%}é@&%ﬁ%i%&%”ﬂéb? ”éﬂéhﬁlﬁaﬁé’%rxég & %l hae s
t
s ?Lr;]egnih fobreiBrvling fo dPE TR Lo in BlBoriudh dbe i A & Séfuw o
t
mode of ¢ he Fipeckntt ChuEY o 9{‘%3'%&%[°m1ﬁ¢ew&emea§8§éil Ahgtditor e’
irregularly 5t(R?n I&lhﬁﬁ? 5(@)} Q%eSB nte'rr?ﬁhatlcally illustrated.

The address decoder 120 in the third embodiment comprises a

shielding film 121 for preventing the connection relationship between
control signal input terminals 35a of the switching devices 35 and signal
lines 310 to 315 in the first signal line group 31, respectively, from being
recognized visually.

Namely, the address decoder 120 in this embodiment comprises a
shielding film 121 covering the entire region including all of the

" intersections between a first wiring line group 31 and a second wiring
line group 33.

The shielding film 121 may be made of freely chosen material from
those which are opaque to prevent the visual observation by a third party
and which do not deteriorate the reliability of the address decoder.
Such material include, for example, metals used for forming wiring
members such as aluminum, gold, silver and copper and a silicon oxide
film, polymer and the like used as interlayer insulating films.

Iﬁ addition, the shielding film 121 can be made of part of a second
wiring layer when forming a semiconductor memory. In such a case,
after the first wiring member 31 and the like are formed, an i'nsulating
film (not shown) is formed. A shielding film made of part of the second
wiring layer is then provided on the insulating film. Alternatively, if the
shielding film 121 is made of conductive material, it does not matter
whether or not the potential of the shielding film 121 is fixed to a certain

potential (such as a power supply potential and a ground potential). |
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address decoder described with reference to FIGS. 10 or 12. This can make
it-more difficult for a third party to analyze whj ¥;Sieei¥al Bdeh Rplated t he
second signal line group is turned into ghe first elﬁwwii ﬁisltlla!ﬂléﬁ"for

exanpl e, conductive state in accordance wi th addres m si gnal s
fromthe arrangenent of the switching device than |ﬁi m@iﬁ@mthe

conventional address decoder. To carry out the first node of the
present invention,,the St‘ﬂgl est to determ ne the pr.edeterm ned

hay
i ntersections is dhegay Fﬁa:?tg@ﬁ CitH3% SWHERing eeyires $95i1a patmedtigylarliir ess
desi gnation Tfn%@gd I the %E&re]mlggdl%ﬂeqpc?l This is because the arrangement of the

switching devices 35 per se can be shielded by the shielding film 121 and
therefore a third party finds it difficult to analyze which signal line in the
second signal line group is conductive according to address designation
signals.

For that reason, according to the third embodiment, it does not
matter whether the true switching devices 35 are arranged regularly as
described with reference to FIG. 12 or irregularly as described with
reference to FIG. 1. However, for purposes of making it more difficult for
a third party to analyze which signal line in the second signal line group
is conductive according to address designation signals, the true
switching devices 35 are ﬁreferably arranged irregularly.

Further, the region where the shielding film 121 is provided should
not be limited to that shown in FIG. 5. It is of course possible to provide
the shielding film 121 in a region having a larger area than that of the
region shown in FIG. 5. For example, it is acceptable to cover the entire

address decoder region with the shielding film 121.

Next, the embodiment of a semiconductor memory according to the
present invention will be described. A semiconductor memory can be
formed by, for example, using the address decoder described with
reference to FIG. 1, 3 or 5 as at least one of a row decoder 30 and a
column decoder. By so doing, it is possible to realize a semiconductor
memory capable of making it more difficult for a third party to misuse
data and the like than in the conventional case.

If the row decoder 30 of the semiconductor memory described with
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12 .-.line in the second signal line group is conductlve and such that when
nferr] is inputted as address designation signals as n ﬂ’ line
in the second signal line group is congyctive. Alte

predeterm ned intersections can be set such that SI ered 0
to n other than the signal |ine nunbered mare selectlvely conductlve in

accordance wth, for exanple, three or four kinds of address designation
signals. It 'h%alsopsm l e that the signal _|ines nunpered 0 to_n other

than the siT§IEAPRFE (@ I.ﬁ'rb r By reRlaerd B \Beyaddressi dgqp rc‘@n&&é’t?@@@tate

I n . .
embodiments according to the present invention, it is necessary to use

one of the following address decoders 1), 2} 3) or 4): 1) An address
decoder provided by modifying switching devices 35 of row decoder 30
described with reference to FIG. 10 in accordance with the concept of the
first embodiment of the present invention; 2) an address decoder
provided by arranging constantly conductive switching devices in the
switching device matrix of the row decoder 30 described with reference to
FIG. 10 in accordance with the concept of the second embodiment of the
present invention; 3) an address decoder provided by having the row
decoder 30 described with reference to FIG. 10 provided with a shielding
~ film in accordance with the third embodiment of the present invention;
and 4) an address decodef‘ provided by a combination of not less than two

address decoders of the 1) to 3) address decoders.

FIG. 6 illustrated the embodiment of a semiconductor memory

comprising a logical product (or an NAND in this case) circuit 200.
Particularly, FIG. 6(A) is a circuit diagram where the NAND circuit 200 is
emphatically illustrated; FIG. 6(B) is a plan view showing the actual
structure of the logical product circuit 200; and FIG. 6(C) is a cross-
sectional diagram taken along lines I-I of FIG. 6(B). It is noted that the
cross-sectional diagram of FIG. 6(C) emphatically illustrates a section.
In FIGS. 6(B) and 6(C), reference numeral 221 denotes a silicon substrate
serving as a semiconductor substrate; 223 an impurity diffused region
serving as a source-drain region; 225 a gate insulating film; 227 an

interlayer insulating film; 227a a contact hole; 229 a first wiring layer;
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accordance W th each of said address designation signals m That is, the
second signal |ines nunbered, for exanple, 3, 0, 7, 5 ThigShe Ha&Beaﬁtbpﬁcedout
of the signal lines nunbered 0 to 7 aresyonductlve in for
exanpl e, the address designation signals 0, 1, 2, 3, 4, due
order. This invites much nore preferable and irregul ar arrangerrent of
the swi tching devi ces. An address decoder accordi ng to the second

i o adar c2tt 5 chaPYET iRk BT SE o BpidsbRin it rn S P Bptl

is a positiygg integer, a second signal line group intersecting the first
signal |ine group and consisting of signal |ines nunbered 0 to n, and

sw tching devi Cefhe logical product circuit 200 comprises a switching device

sequence or array 205 connecting two enhancement type N-channel field
effect transistors 201 and 203 in series, two depression type field effect
transistors 207 and 209 connected in series to the switching device
sequence 205 and a pull-up resistor 211 for pulling up the output node
of the series circuit consisting of these transistors 201, 203, 207 and 209
to the power supply.

The pull-up resistor as well as pull-down resistor to be described
below can be, for example, a resistor comprising the impurity diffused

‘layer formed on the semiconductor substrate or an appropriate resistor
such as a resistor made by connecting the gate electrode and the source
electrode (or drain electrode) of a field effect transistor. The same thing
is true of a semicoriductor device comprising an inverter circuit to be
described later.

The node or connection point between the series circuit 205
consisting of transistors connected in series and the pull-up resistor 211,
serves as an output terminal E of the logical product circuit 200.
Control signal input terminals (gate electrodes) A to D of the transistors
201, 203, 207 and 209, reslaectively, serve as input terminals of the
logical product circuit 200. However, out of the input terminals A to D,
only the input terminals A and D relate to the logical operation of the
circuit 200 in this embodiment. The reason is that the transistors
having the input terminals B and C are constantly conductive, that is,
dummy transistors.

Therefore, the logical product circuit 200 appears to be an NAND
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respectlvel y provided in the vicinity of a plurali ty of predeterm ned
intersections out of intersections (or crossover. p0|Ms$}:eebH£s\B‘%§Jke£1§L§dfl r st

and second signal |ine group. The switcfai ng devi ces h rol
signal input termnals connected to first signal Ii ne u &wa%a
| i ne group, respectively, and have their main current

si gnal
in
series, to the second signal lines in the second signal |ine group
respectively. E he swi tchj devi.ces i.s n/ of trol . e
accor dance %?‘H%?‘r?g %ﬂ%rs’g‘pd’é& bﬂ%??%rn lg}sgq‘ﬁpé é:bﬁ‘?uﬂ'il ﬁv% of
two inputs.

However, if a third party visually observes the logical product
circuit 200, he or she recognizes four gate electrodes as input terminals
as shown in FIG. 6(B). Besides, the third party cannot visually discover
that the transistors 207, 209 are of depression type. Due to this, he or
she recognizes the logical product circuit 200 as that having four inputs.
As a result, it is possible to make the third party erroneously recognize
the semiconductor device, thereby making it difficult for the third party
to, for example, imitate the semiconductor device.

FIG. 7 illustrates the embodiment of a semiconductor device
‘comprising a logical add circuit (NOR circuit in this embodiment) 250.
Particularly, FIG. 7 is a cireuit diagram where the logical add circuit 250
according to the present invention is emphatically illustrated.

The logical add circuit 250 comprises a switching device sequence
255 connecting two enhancement type P-channel field effect transistors
251 and 253 in series, two depression type field effect transistors .257
and 259 connected in éeries to the switching device sequence 255, and a
pull-down resistor 261 for pulling down the output node of the series
circuit consisting of these transistors 251, 253, 257 and 259 to the power
supply. _ _

The node between the series circuit 255 comprising those
transistors and the pull-down resistor 261, serves as an output terminal
E of the logical add circuit 250. Gate electrodes A to D of the transistors
251, 253, 257 and 259, respectively, serve as input terminals of the
logical add circuit 250. However, out of the input terminals A to D, only

the input terminals A and D relate to the logical operation of the circuit
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13 the signal lines in the second signal line group into a first
electric state, The address decoder further conpri sgg ﬁ;

conductive switching devices (Normall y=en type) provH &?aggm Rlac @ ni ty
J 3 row ded

of all or part of the intersections other than the

I ntersections. The constantly conductive sw tching

such that their control SI gnal input termnals are connected to the first
signal |ine res ect y and that their main current .paths are

connect ed, 545%8? f‘g W@néec € TsRIpMLS thakthe P@s‘b%\gﬁ‘%W aying the  The

addr ess decoder in the second node accor di to.the present
input terminals B and C are constantgrgconduct?vg transistors, that is,

dummy transistors.

Therefore, the logical add circuit 250 appears to be an NOR circuit
having four inputs; however, it is actually an NOR circuit having two
inputs.

However, if a third party visually observes the logical add circuit
250, he or she recognizes four gate electrodes as input terminals as in the
case of the above-described logical product circuit 200. Besides, the
third party cannot visually discover that the transistors 257, 259 are of
depression type. Due to this, he or she recognizes the logical add circuit
‘as that having four inputs. As a result, it is possible to make the third
party erroneously recognize the semiconductor device, thereby making it
difficult for the third party to, for example, imitate the semiconductor
device.

This embodiment illustrates the semiconductor device wherein two
on/off type switching devices and two constantly conductive switching
devices are used. However, it is possible to change the number of the
on/off switching devices according to the number of inputs of the logical
product circuit or logical add circuit. Moreover, the number of the
constantly conductive switching devices may be at least one and can be

changed appropriately, as long as it does not depart from the objects and

concept of the present invention.

Next, the embodiment of a semiconductor device comprising an

inverter circuit according to the present invention will be described.
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[ nvent I on has a structure in which not only swtchi nﬁ"sééqctmgeeg@%eéac q
S

controlled in accordance with address designation sig

‘constant |y conductive switching devi ceggare i ncl uded |

device matrix. Since the constantly conguct ive swi tchi ng

constantly conductive, they do not contribute to swi tching operation and
they function as dumy svm' tching devi ces canoufl aging the arrangenent of

the t d Due to thi d to.th

convent | ondPaahaphs EGScolE dBscHThele WABh SHEHBRRIACE. Weesondter 12
t is difficult t fy. th f the t tchi .
A o rosul (SRR G RGF sy paft GPPRRTEAs ivstiateS G DYoL G are e

t he second SI %ndacd Be. dLoup oncfuc(i (cjiex%cl ve accordi ng

An inverter circuit 500 shown in FIG. 8(A) comprises an n-channel
field effect transistor 501 having a control signal input terminal a and
serving as a switching device on/off controlled in accordance with a
control signal, a pull-up resistor 503 pulling up the output node of the
transistor 501 to the power supply and a depression type field effect
transistor 505 connected to the transistor 501 in series, having a control
terminal b and serving as a constantly conductive switching device.

In the embodiment of FIG. 8(A), the transistor 505 is provided
‘between the transistor 501 and the ground. However, the transistor
505 may be provided betvc}een, for exarﬁple, the transistor 501 and the
resistor 503.

The inverter circuit 500 shown in FIG. 8(A) appears to be a logical
product circuit having two inputs, i.e. input terminals a and b. However,
since the transistor 505 is of depression type, the circuit 500 is actually
an inverter circuit.

However, if a third party visually observes the inverter circuit 500,
he or she recognizes two gate electrodes a and b as input terminals.
Besides, the third party cannot visually discover that the transistor 505
is of depression type. Due to this, the inverter circuit 500 is recognized
as a logical product circuit having two inputs by the third party.
Therefore, it is possible to make the third party erroneously recognize the
semiconductor device, thereby making it difficult for the third party to,
for example, imitate the device.

An inverter circuit 510 shown in FIG. 8(B) comprises a p—chanhel
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to address designation signals, it is nore diffi cwhifSHaHaBeaReplaad i n t he
case of the conventional address decoder. Td} ]! 1 second
enbodi ment according to the present ingention, |t1ﬂ%ﬁﬂi ' 1 t the
constantly conductive switching devices (dummy sw ces) are
respectively provided in the vicinity of all intersections other than the
predeterm ned intersections. This is because the less clearly arrangenent

({f4 the true sy LeaLD gréjr?s\ilst%?% f:f‘rlllatx)r‘lang a control signal input terminal a and

serving as a switching device on/off controlled in accordance with a
control signal, a puli-down resistor 513 pulling down the output node of
the transistor S11 to the ground and a depression type field effect
transistor 515 connected to the transistor 511 in series, having a control
terminal b and serving as a constantly conductive switching device.

In the embodiment of FIG. 8(B), the transistor 515 is provided
between the transistor 511 and the resistor 513. However, the
transistor 515 may be provided between, for example, the transistor 511
and the power supply.

The inverter circuit 510 shown in FIG. 8(B) appears to be a logical
add circuit having two inputs, i.e. input terminals a and b. However,
since the transistor 515 is of depression type, the circuit 510 is actually
an inverter circuit.

However, if a third party visually observes the inverter circuit 510,
he or she recognizes two gate electrodes a and b as input terminals.
Besides, the third party cannot visually discover that the transistor 515
is of depression type. Due to this, the inverter circuit 510 is recognized
as a logical add circuit having two inputs by the third party. Therefore,
it is possible to make the third party erroneously recognize the
semiconductor device, thereby making it difficult for the.third party to,
for example, imitate the device.

An inverter circuit 520 shown in FIG. 8(C) comprises a series
circuit 525 connecting a p-channel field effect transistor 521 and an n-
channel field effect transistor 523 in series and a depression type field
effect transistor 527 connected to the series circuit 525 in series and

having a control terminal b. Furthermore, gate electrodes of the p-
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provi ded. This is also preferable for the manufacture of a

sem conduct or- nenory and for providing a smaller ¢ GacReert Replacedenor Y,
conpared to a case where the constantlysgconductive /i %mi devices are
provi ded partly. To carry out the second bl dit o t he
present invention, it 1is further preferable that the constantly conductive

switching devices are provided to nmake it difficult to discrimnate them
fromthe true swi fching _devices. is, for exa%gszdesi rabl e t hat
2

di mensi ons 6ha¥1§§bé’é‘tiiﬂréhaénéh@ﬂ]tdséf%@ciﬁaagstﬁfo 2§ KoBAEC A t® wi dt h
of afield effect., transistor, as well as arrangenent of the elenents are
t he same asCa¢ly@ther to provide an input terminal a.

The inverter circuit 520 shown in FIG. 8(C) appears to be a logical
circuit having two inputs a and b. However, since the transistor 527 is
of depression type, the circuit 520 is actually an inverter circuit.

However, if a third party visually observes the inverter circuit 520,
he or she recognizes two gate electrodes a and b as input terminals.
Besides, the third party cannot visually discover that the transistor 527
is of depression type. Due to this, he or she finds it difficult to recognize
the inverter circuit 520 as such. Therefore, it is possible to make the
third party erroneously recognize the semiconductor device, thereby
‘making it difficult for the third party to, for example, imitate the device.

In this embodiment -of the semiconductor device comprising an
inverter circuit described above, description is given to a case where a
constantly conductive switching device is provided therein. However, it

_is of course possible to provide not less than two constantly conductive
switching devices in the semiconductor device.

As is obvious from the above description given so far, the address
decoder according to the present invention comprises a first signal line
group into which address designation signals m (where m = 0 to n) are
inputted, a second signal line group intersecting the first signal line
group and consisting of signal lines numbered 0 to n and predetermined
switching devices provided in the vicinity of a plurality of predetermined
intersections out of those between the signal lines in the first signal line
group and those in the second signal line group.

In the address decoder in the first embodiment according to the

present invention, the predetermined intersections are set such that one
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of the-true sw tching devices. An address decoder according tothe

third node of the present invention conprises a fi rﬂﬁss‘ﬁéegﬁngJ | n% group
into which address designation signals 3 where m = ‘
positive integer, is inputted, a second signal |ine

first signal line group and consisting of signal Iin _ _
and switching devices respectively provi ded in the vicinity of a plurality

betveen the 45 HEfial AhElS ?%‘aéﬁ%%gﬁgfh el i rone b D h iR g Bosiatd have
f I n
the firer siiney 8 inddiilc SETUIE & SORASEIRR Kifdh o ARt Araignafdpne

signals.

In the address decoder in the second embodiment according to the
present invention, constantly conductive switching devices are provided
in the vicinity of all or part of the intersections other than the above-
described predetermined intersections.

In the address decoder in the third embodiment according to the
present invention, a shielding film is provided so as to prevent the
connection relationship between control signal input terminals of the
switching devices and the signal lines in the first signal line groups,
respectively, from being visually recognized.

Owing to the above, in the address decoders in the first and second
embodiments, the switching devices are arranged irregularly compared
to those in the conventional address decoder described with reference to
FIGS. 9 and 12. In addition, in the address decoder in the third
embodiment, the arrangement of switching devices per se can be visually
shielded. Based on these respects, it is understood that according to
the address decoders in the first to third embodiments of the present
invention, even if a third party tries to analyze which signal line out of the
signal lines in the second signal line group turns into a first state
according to address designation signals from the arrangement of the
switching devices, he or she finds it more difficult to do so than in the
case of the conventional address decoder. Therefore, it is possible to
make difficult the analysis of the semiconductor device or that of data
within the memory cell array (or typically ROM) by the third party,

thereby improving a security function compared to the conventional
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connected, in series, to second signal lines in thesectond—signal—time
group, respectively. Each of the swi tching devices ig;04[9 Lsé%«% e}rﬂgcle(lied I n
accordance with the address designationggignals mto t s B hie of
the signal lines in the second signal line group int O(L n H”lmgﬂﬂ“ C
state. The address decoder further conprises a shiel dil

preventing connection relationship between the control signal input

term nal of each - 15
case.

Moreover, in the semiconductor memory according to the present
invention, at least one of a row decoder and a column decoder consists of
the address decoder of the present invention. Therefore, it is possible to
realize a semiconductor memory capable of making it difficult for a third
party to analyze it or data within the memory cell array {or typicaily
ROM).

Additionally, as can be seen from the semiconductor device
comprising a logical product circuit and that comprising a logical add
circuit, the present invention can realize a semiconductor device
apparently comprising (n + a) (where o is an integer not less than 1)
‘logical product circuits (or logical add circuits) by connecting a
constantly conductive swifching device to a switching device sequence
connecting n true on/off type switching devices in series. As a result,
although the circuit is actually a logical product circuit or logical add
circuit having n inputs (where n is an integer of not less than 1), it is
possible to make a third party visually realize the circuit as that having (n
+ o) inputs (where o is an integer not less than 1). This can make it
difficult for the third party to, for example, imitate the semiconductor
device.

Furthermore, as can be seen from the semiconductor device
comprising an inverter circuit according to the present invention. the
present invention can realize a semiconductor device comprising an
inverter circuit which is difficult to recognize as such by further
connecting, in series, a constantly conductive switching device to a
switching device on/off controlled by a control signal. This can make it

difficult for a third party to, for example, imitate the semiconductor
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of the. switching device and each of the signal |ines—Hn-the first signal
line group frombeing visually recognized. .. According to the third
node of the present invention, since they shielding fﬂ‘!sﬁhﬁetsﬁaﬁﬁ@vkdﬁded it is

possible to make it nore difficult to confirmthe ar;ﬁ"ﬂg Lmﬂ #lFe
1 | to
he

switching devices than in the case of the convention
second si gnaé l.ine group turns into a first state in accordance with

this, even if athird party tries to analyze which signa W| ne ,
addr ess desi $%on signals fromthe arrangement of the switching devices,
he or she finds i}é%rmre.diffic‘glt to do so than in the, case of the '

conventional decdd@fcriPtion has Reen givaty to canlddimAnts W hEEdBr disTgtehinghe

resent inveption, it.is . . .
P cvice ‘consists of transistors. However, if possible, other electronic

switching device and the like may be utilized.




preferable that the address decoder has a étructure iA—which inter |ntersect|ons
in the vicinity of which true switching devices.are provi ded are
‘irregularly arranged and which constanyby conductive sWihisShdef¥hs pAE Y

(i.e. dummy switching devices) are provided in the VICIn q%
of the intersections other than those in which the true ﬂﬁ |ces
are provided, respectively I n anot her enbodi nent t he

present in dress decoder can has a structure in mhlch
i nter sectlz)()ﬁggk e Flr?én\? ni ty of which true switching devices are provided

are, puranged | 1ieoul ) Xagids Atk oRelgro, 11 m o provi ded

a first signal line group into which address designation signals m
are inputted, where m = 0 to n and n is a positive integer;

a second signal line group intersecting the first signal line group
and consisting of signal lines numbered O to n; and

switching devices respectively provided in the vicinity of a plurality
of predetermined intersections out of intersections between the first and
second signal line group, having their control signal input terminals
connected to first signal lines in the first signal line group, respectively,
and their main current path connected, in series, to the second signal
lines in the second signal line group, respectively,

wherein each of said switching devices is on/off controlled in
accordance with said address designation signals m to thereby turn one
of the signal lines in the second signal line group into a first state, and
wherein

said predetermined intersections are set such that one of the signal
lines other than a signal line numbered m out of said signal lines
numbered O to n in accordance with at least two kinds of the address
designation signals m.

2. An address decoder as claimed in claim 1, wherein said
signal lines numbered O to n other than the signal line numbered m
selectively turn into 'the first state in accordance with each of said
address designation signals m.

3. An address decoder comprising:

a first signal line group into which address designation signals m

are inputted, where m = 0 to n and n is a positive integer;

e e,
e
e
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i nvention preferably has a structure in which int ersections inmthe—vicinity
of, which true switching devices are provided are.ar rrﬁpgheiﬁ rregul arly,

vwhi ch const ant | y conductive sw tching dgyices are pr e Jgplacedi cinity
of part or all of the intersections other than those I mﬂ@ y of
whi ch the true switching devices are provided, respe | ch a
16 shielding filmis provided. I n yet another preferre
enbodi ment accor ¢ 8844 ts1hg?1a r11er1see§roup intersecting the first signal line group
and consisting of signal lines numbered 0 to n; and

switching devices respectively provided in the vicinity of a plurality
of predetermined intersections out of intersections between the first and
second signal line group, having their control signal input terminals
connected to first signal lines in the first signal line group, respectively,
and their main current paths connected, in series, to the second signal
lines in the second signal line group, respectively,

wherein each of said switching devices being on/off controlled in
accordance with said address designation signals m to thereby turn one
of the signal lines in the second signal line group into a first state, and
‘wherein

said address decoder further comprises constantly conductive
switching devices provided in the vicinity of all or part of intersections
other than said predetermined intersections, control signal input
terminals of said conductive switching devices being connected to the
first signal lines, respectively, and main current paths of the constantly
conductive switching devices being connected, in series, to the second
signal lines, respectively.

4, An address decoder according to claim 3, wherein said
constantly conductive switching devices are respectively provided in the
vicinity of all intersections other than said predetermined intersections.

S. An address decoder according to claim 3, wherein

each of the switching devices respectively provided in the vicinity of
said predetermined intersections is an enhancement type field effect
transistor; and

each of the constantly conductive switching devices is a depression

\\Il\ll\ \\m\ |||\\ \\I\| I " "



i nventi-on, an address decoder preferably has a structure in which )
constantly conductive switching devices are provided i'mthe vicinity of
which part or all of the intersections ouger than thoseri0sfel @] RiplYedOf

whi ch true switching devices are provided and which a shi Il i

provi ded. The address decoder in each of the prefer|ik ,HM(* J Es
according to the present invention has a conplex structur Ss
than two of ' i rd. npdes according to the present invention are
conbi ned. Asttgs?tgs?z‘?tte,ﬁ%?‘ﬁrug&sbséggi ble to make it nore difficult for a third
party to visuallygecognj I.C yanal _line in the second signal |ine
group is conducti&% ingghég?%%ﬁégx%ﬂgﬁCpﬂﬂﬂ??gg‘address desi gnation

a first signal line group into which address designation signals m

are inputted, where m = O to n and n is a positive integer;

a second signal line group intersecting the first signal line group
and consisting of signal lines numbered O to n; and

switching devices respectively provided in the vicinity of a plurality
of predetermined intersections out of intersections between the first and
second signal line group, having their control signal input terminals
connected to first signal lines in the first signal line group, respectively,
and their main current paths of said switching devices being connected,

in series, to second signal lines in the second signal line group,
respectively,

wherein each of said switching devices is on/off .controlled in
accordance with said address designation signals m to thereby turn one
of the signal lines in the second signal line group into a first state, and
wherein

said address decoder further comprises a shielding film for
preventing connection relationship between the control signal input
terminal of each of said switching device and each of the signal lines in
said first signal line group from being visually recognized.

7. An address decoder according to claim 1, comprising
constantly conductive switching devices provided in the vicinity of all or
part of intersections other than said predetermined intersections, control
signal input terminals of said conductive switching devices being
connected to the first signal lines, respectively, and main current paths

of the constantly conductive switching devices being connected, in series,

R L T
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signals than in the first to third nodes according to_the present

invention. (2) A sem conductor device according to the present invention

conprises a nenory cell array and a row gnd col unm decom@ISgeet 80 BOG Iﬁ,g%dto
he

the nenory cell array, respectively. One of the address ||} 5
above-descri bed structures is used as at | east one of thH AR H m and
the columm decoder. Due to this, it is possible to provi'te™s uct or
devi ce capabl e.of nmaking it difficult to visually grasp which signal line
in the secon® g?egﬁ%ﬂoqcfg'&n&lg‘&ﬁsi EssRbvedi ve in” accordance with inputted
addr ess designation si naI$ As a r(?effult, a ..sen conductf)r devi ce capabl e
of making it noredif AR A4dTESE deeedq apsprding to claim I, comprising a

shielding film for preventing connection relationship between the control

signal input terminal of each of said switching device and each of the
signal lines in said first signal line group from being visually recognized.

o. An address decoder according to claim 1, comprising

constantly conductive switching devices provided in the vicinity
of all or part of intersections other than said predetermined intersections,
control signal input terminals of said conductive switching devices being
connected to the first signal lines, respectively, and main current paths
of the constantly conductive switching devices being connected, in series,
"to the second signal lines, respectively, and

a shielding film for preventing connection relationship between the
control signal input terminal of each of said switching device and each of
the signal lines in said first signal line group from being visually
recognized.

10. An address decoder according to claim 3, comprising a
shielding film for preventing connection relationship between the control
signal input terminal of each of said switching device and each of the
signal lines in said first signal line group from being visually recognized.

11. An address decoder according to claim 1, wherein said first
state is a conductive state.

12. An address decoder according to claim 3, wherein said first
state is a conductive state.

13. An address decoder according to claim 6, wherein said first
state is a conductive state.

14. A semiconductor memory comprising a memory cell array; a

)R N A | THIS SHEET 6AS e
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to msuse the data of the device than in the case of the conventional
device. (3) A senmiconductor device, including a |ogicaissS Ofths Blen Rbdib T

17 according to the present inventioméconprises a svvieH m
sequence (or array), a pull-up resistor and at |east on mﬁm
conductive switching device. The switching device sequence oOr
row decoder and a column decoder, said row and column decoder
connected to the memory cell array, and wherein

an address decoder recited in one of claims 1 to 13 is provided as at
least one of the row decoder and the column decoder.

15. A semiconductor device including a logical product circuit
comprising:

a switching device sequence having at least two switching devices
connected in series, said switching devices being on/off controlled in
accordance with a signal inputted into the control signal terminal
thereof; and

a pull-up resistor pulling out an output node of said switching
device sequence to a power supply, and wherein

said logical product circuit includes at least a constantly
conductive switching device having a control signal input terminal
thereof and connected in series to said switching device sequence.

16. A semiconductor device including a logical add circuit
comprising:

a switching device sequence having at least two switching devices
connected in series, said switching devices being on/off controlled in
accordance with a signal inputted into the control signal terminal
thereof; and

a pull-down resistor pulling down an output node of said switching
device sequence to a ground, and wherein

said logical add circuit includes at least a constantly ’.conductive
switching device having a control signal input terminal thereof and
connected in series to said switching device sequence.

17. A semiconductor device according to claim 15, wherein

——.
e
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has at{ |east two switching devices connected in serigs.. The gw tc in(?

devices is on/off controlied in accordance with, a sigpiad Ht o
their control signal terminal. The pull 4gp resistor p IH l I t put
node of the swi tching device sequence to a power supp tantly

conductive swtching device has its control signal input term nal
connected in series to the switching device sequence. Anot her

Sresent trvent | oot PEt St iRh A Datd B g SPOER Rl Bebe "

I st d | { t ant t 1.t chi [ . Th
Lo ot or A ahehgast e RReL AR L OB LT AR RS o0, e
series. The sw t(\s%&'%ogl%ﬂﬁﬁj? (:'o%d%ytﬂlfefswitching device is a depression type

field effect transistor.

18. A semiconductor device according to claim 16, wherein

each of said switching devices included in said switching device
sequence is an enhancement type field effect transistor; and

said constantly conductive switching device is a depression type
field effect transistor.

19. A semiconductor device including an inverter circuit
comprising:

a switching device having a control signal input terminal and
on/off controlled in accordance with a signal inputted into a control
signal input terminal; and

one of a pull-up resistor pulling up an output node of the switching
device to a power supply and a pull-down resistor pulling down the
output node of the switching device to a ground, and wherein

said inverter circuit includes at least a constantly conductive
switching device having a control signal input terminal and connected in
series to said switching device.

20. A semiconductor device according to claim 19, wherein

said on/off controlled switching device is an enhancement type
field effect transistor; and

said constantly conductive switching device is a depre,ssion. type
field effect transistor.

21. A semiconductor device including a CMOS inverter
comprising a series circuit of p-channel and n-channel field efféct
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control.led in accordance with a signal inputted inte—theit control si gnal

termnal. The pull-down resistor pulls down an out put T&Q%et@fasﬁdq!ekepla“

swi tching device sequence to a ground. TQg constantly ‘cg o W‘\\ﬁ“\tchi ng

device has its control signal input termnal connected \3 Riet¥ t he

swi t chi ng devi ce sequence. According to the semc devi ce of

the present invention, the control input termnals of the on/ off

controll ed sw tc%i deyi ces and those of the constantly conductive

swi t ching devi%d qu(}é’ é’fSS‘l’ﬁ zed as input termnals of the |ogical product
rty. However, the control

[ it | ogi cal ' it third
Cnput termi nars. oP“the G Fiverih Fichidlet ot IEredin e tih cubenb avps Bid 1 o

the actual O@?freé{ 'tl%?isié\é%ln%lo}lmected in series to said series circuit.
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al though the actual circuit is the |ogical product circuit or |ogical add
ciircuit having n inputs (where n is an integer not less than 2), it is

18 possible to nmake a third party visgally recognize it as a | ogical
product «circuit or logical add circuit having (n + [err]) inputs (where a
Is an integer not less than 1). As a result, it is possible to make it
difficult for the third party to, for exanple, imtate the sem conductor

devi ce. ABSTRACT OF THE DISCLOSURE
For making it more difficult to predict which signal line among
second signal lines 33,to 33, is conductive in accordance with address
designation signals A0 to A3. Address decoder comprises a switching
device 35 which is arranged such that one of signal lines other than the
signal line 33m among O-th to n-th signal lines 33, to 33, is conductive

in accordance with at least two kinds of address designation signals.
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A sem conductor device, including an inverter circuit, according to the.
present invention conprises a swtching device, a pul I -up or pull 0/76")“’:‘/6 56_
resistor and at |east one constantly conductive swi tching device. The
switching device has its control signal input termnal and is on/off
controlled in accordance with a signal inputted into the control signal

I nput termnal. The pull-up resistor pulls up an out put node of the

switching device to a power supply. The pull-down resistor—pttds down the

out put node of the switching device to a gr he constantly conductive
switching device has its control signal input tﬁ@dBeth@ ted in series
to the switching device. Still another eV| ce of the
present invention, ‘gﬁ%%\ ﬂ“ﬁ
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control input termnals of on/off controlled sw tchirg—devi-ees—and-those
of constantly conductive switching devices are visually recognized as
input terminals by a third party. Due to this, althoubs $h®H@ﬁh@uk¢h®é an
inverter circuit, it is possible to make the thlrd par

circuit as a Iogical product circuit or |ogical add c

it is possible to make it difficult for a third party to

imtate the sem conductor device. =Bl another sen1conductor
device, including a CM3S inverter conpriskmg a series circuit of p-channel
and n-channel field eff nt invention

includes as a part of the ,C\BS ,hn\@rtg.r, atgl.,e,aﬂc,anqeﬁhﬁnqgnent type field
effect transistor ﬂlﬁvt“ TTMTCF(}Q(}G ; D/d

esult

6. (5
4?a ?5 42
7
“
%
Y 3N /
-
DN
{\
45a 45

7, tgg 77
B@ )
E=R —_
o
m\\ | '_‘r -~ _ ‘_l r_‘j
on IV D I ¥ il

s
e

iy
2

) '
j &
i+

|
. L
T

N

NN N

9
’ /|
g 7\ T A — — A
a8 U T WY
/| e V]
EQV\' ! & A /
| 2
S TR VT T
S I _/__:_ | g
! |
sl [ I
':n P~;;;T::g€___;i__ - __;Z___i‘ =4

I

i)

I
—t

ANANAN

1

NS NN

|
|

Yo/
R
43
311~F? AN
3, N NN

~
N
-

1l

AT
|
AN ‘:\ N
L
] X [Slg X
|

v

434_— .|
|
‘{fg I
I
RANAN
1<

315

314

315
43
R

THIS SHEET HAS BEEN
! REPLACED




connected in series to the series circuit.

19 - Therefore, although it is a CMOS inverter, it is possible to
make a third party recognize it as a logical circuit other than a CMOS
inverter. This can thus make it difficult for the third party to, for
exanple, imtate the sem conductor device. o BRHEF
DESCRI PTI ON OF THE DRAW NGS -

This Sheet Has Be ﬂchlaced

\\\\l AR

6.5

110

M %23 p Q 3 111
N
g [ 41 NG T |
e |

r 31

.....................................

4,

— e . - - - -— -—— — o e — AR L A i o]

P RO\ RI R2\R3 RO RS Rﬁm
B
)

THIS SHEET HAS BEEN
REPLACED




The foregoing an other objects, features and advantages of the present

i nvention will be better understood fromthe follow ng—description taken
in connection with the acconpanying draw ngs, in which is Sheet < B @, ed S @
circuit diagramfor explaining a first enbodi nent of t _ goder
according to the present invention; FIG 2 |sanmﬂﬁﬂxﬁiﬁﬂmﬁﬂl agram
of the first enbodi nent of the address decoder accordi nhigll ' Bent

i nvention, wherein, in particular, FIG ZéA) is a plan view for describing
the actual structure of a part QL of FIGs’1l, and FIG 2(B) is a

cross-sectional view taken along lines 191 of FIG 2(A); FIG 3 is
a circuit diagramfor éxplarning the secend enbodi nent ok R
el p—{ — —t i
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an address decoder according to the present inventiorantd—a—erreuit———-

di agram of the address decoder; FIG 4 is an explanatory djagram of
the first enbodi nent of the address decoder according ¥t ced

i nvention, wherein, in particular, FIG 4(A) is a plan u | #is i bi ng
the actual structure of a part @ of FIG 3, and FIG | 1. .
cross-sectional view taken along lines I-1 of FIG 4(A); “51is
a circuit diagramfor explaining a third elajoodl ment of an address decoder
according to the present invention, wher ei¥ , in particular, FIG 5(A) is

a plan view for descri bi rLthhe act ual strugture of a part of the address
decoder, and FI G 5@) is a &I ogs- sectl(g’nal Vi ewc;.’ak@.)n m
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20 along lines I-1 of FIG 5(A); FIG 6 is an“éxpraﬁake{—y—m_agj;am

of a sem conductor device conprising a logical product V\/nerel n,
in particular, FIG 6(A) is a circuit diagramwhere the R*Fpkced
emphatically illustrated; FIG 6(B) is a plan view for .d Jm"

actual structure of the part shown in FIG 6(A) and FIG
cross-sectional view taken along lines I-1 of
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FIG 6(B); FIG 7 is acircuit diagramfor explaining a sem conductor
device conmprising a logical add circuit, in which the logical add circuit

is enphatically illustrated; FIG 8 is acircuit diagramfor
expl ai ning a sem conductor device conprising an inverter circuit, in which
the inverter circuit is enphatically illustrated, FIG 9 is a

diagram for explaining the prior art and the problens thereof,
particularly, on the basis of one exanple of the structure of the

sem conduct or devi ce; FIG 10 is a diagramfor explaining the prior
art and probl ens
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t hereof, particularly, on the basis of one exanple of the structure of the
conventional row decoder; FIG 11 is a diagramfor explaining the
prior art and problens thereof, wherein, in particular, FIG 11(A) is a
pl an view for describing the actual structure of a part Qof FIG 9, and

FIG 11(B) is a cross-sectional diagramtaken along lines I-1 of FIG
11(A); and FIG 12 is a diagramfor explaining the prior art and
probl ens thereof, particularly, on the basis of the structure of the
conventional col um decoder. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT
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21 Enbodi nents of the present invention will now be described with
reference to the drawings. It is noted that the enbodi nents of the address
decoders according to the present invention can be applied to both the row
decoder described with reference to, for exanple, FIG 10 and the col umm
decoder described with reference to, for exanple, FIG 12. However, the
enbodi nents below will illustrate cases where address decoders are applied
to the colum decoder which has been descri bed

/L-/G: ..9 (Data Output)

Sense amplifier ~~70
— 51
AO~A2—~ Column decoder ~ ~~50
RO|R1}---4--F---F---1 ---|R7
CLO
CL1
301 ~1"10
i 5
b} |
3 :
A3~A5 | o : Memory cell array
3 i
2 .
R :
CL7
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with reference to FIG 12.
descri ption show di nensi ons,

I n additi on,

to 12 are denoted by the sane reference

12. Description thereto nmay not be

Addr ess
to the
1, 2 and

Decoder

o
n

gi ven.

i n the explanatory dlag
the sane elenents as those described wth ref

nuneral s as tho

respective figures used in the
shapes and arrangenent of the
el enents only schematically to such an extent that the TR{SsSg&L;d, W@n}
can be understood. Furthernore,

decoders, ﬁm

1. First Errbodl mant O An

d

“consti TTK?H““’

EESS

The first enbodi mrent of an address decoder according
present invention will first be described with reference to FIGS.
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Table 2. FIG 1 is a circuit diagram of an address decoder 100 in the
first enbodi nent according to the present invention. FIG _2—(—A)*'TS‘ a pI an
vi ew showi ng the actual structure of a part Q of FIG 1; and nm%(egd
illustrates the section of the cross-sectional di agrarﬂxbé & nes |-
| of FIG 1. In the address decoder 100, first s [err]
to 31[err] and second signal lines 33[err] to 33[err]

matri x arrangenent at intersections. Anong those |ntersect|ons onIy in
areas or the vicinity of the selected int@rsections, true or norrral

swi tching device are connected to the -
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22 REPLACEMENT SHEET signals. The true sw tching device
means a swit hing device on/off <controlled by an address signal. It is
also referred to as an inherent swi tching device. Description will be
given hereinafter, while a transistor device is used as the switching
device. In the enbodi nent of the arrangenent shown in FIG 1, two signa

| ines are sequentially defined as a pair of signal |ines anong the first
signal lines. An address designation signal is allotted to each pair of
t he signal I|ines. Table 2 is a truth value table show ng the

rel ati onshi p between a
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val ue mindi
sizgnal line

Normal |y, when anal yzi ng an address decoder, a deci mal REFACH M | s Va.fl ('F

fromlowto

cated by address designation signals AO A and A2 and a
33[err] which becones conductive by the addr,esSASLgnal S..

hi gh nunbers, address desi gnatlon signal s AQ te—~A2 rhanm [l

accordance with the decimal nunmeral m aré supplied to hg f4 St Sy gp@l

lines and it

I s exam ned which second signal lines are |c ncfuct I”VE rbatis

To attain the objects of the present invention, it iIs n¢céssary—to—alr

switching devices in the vicinity of

di scovered i

n the XDDRESS DECODER, I SEMICONDUCTOR ME

swi tching devices are connected while an analysis is nade. In

SEMICONDUCTOR DEVICE
BACKGROUND OF THE INVENTION
[Field of the Invention)] |

The present invention relates to an address decoder, a
semiconductor memory comprising the address decoder and a
semiconductor device comprising at least one of a logical product circuit,
a logical add circuit and an inverter circuit.

[Description of the Related Art]

A semiconductor memory represented by a RAM {(Random Access
Memory) and a ROM (Read Only Memory) comprises a row decoder and a
column decoder for selecting a desired memory cell within a memory cell
array provided therein. A conventional semiconductor memory of this
type will be described with reference to FIG. 9. It is noted that, however,
for brevity, FIG. 9 illustrates a memory cell array 10 having provided
therein 8 x 8 = 64 memory cells (riot shown).

The semiconductor memory comprises a memory cell array 10, a
row decoder 30, a column decoder SO and a sense amplifier 70. The row
decoder 30 has terminals CLO to CL7 connected to the memory cell array
10. The column decoder SO has terminals RO to R7 connected to the
memory cell array 10 and a terminal 51 connected to the sense amplifier
70. The row decoder 30 and the column decoder 50 are thus connected
to the memory cell array 10 through the terminals CLO to CL7 and the
terminals RO to R7, respectively. The column decoder 50 is also
connected to-thle sense amplifier 70 through the terminal 51.

When this semiconductor memory is wused, first address

designation signals AO to A2 of three bits are inputted into the column

intersections so a$ not to nmke it

n

)}




consi deration of the above point, in the address decoder

enpodi ment, intersections in the vicinity of which swtching--devices.are
prOV| ded, respectlvel y, are set such that, when a val ue ‘ME(MWBNT"SQCE'D

7) is |nputted as address designation S|gnals AO, Al and
other than mth signal line anpbng O-th to2n-th signal i
33[err] in the second signal line group 33 selectively
electric state in accordance with five kinds of address
signals m= 0, 1, 2, 4, 5. Here, the first electric stat

100 in this

n
t

B

I’nSI

T 1598

e is set to, for

exanpl e, a cofdebéder\8D.St®écdnd address signals A3 to A5 of thre

bitsare-rprortted
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into the row decoder 30. Then, depending on logical levels of respective
bits of the first address designation signals AO to A2, one of the terminals
RO to R7 of the column decoder S0 is selected. Depending on logical
levels of respective bits of the second address designation signals A3 to
A5, one of the terminals CLO to CL7 of the row decoder 30 is selected. As
a result, a memory cell positioned at an intersection (or crossover point)
between a column selected by one bit signal among the first address
designation signals AO to A2 and a row selected by one bit signal among
the second address designation signals A3 to AS, is selected.

A row decoder and a column decoder having structures described
below are examples of the above-stated conventional row decoder 30 and
column decoder S0.

An example of the structure of the row decoder 30 will be now
described. FIG. 10 is a circuit diagram showing the inner structure of
the row decoder 30.

The row decoder 30 comprises a first signal line group 31, a second
signal line group 33, a plurality of switching devices 35, pull-up resistors
37, output inverters 39, to 39, and input logic adjustment inverters 41,
to 41;.

The first signal line group 31 consists of six parallel signal lines 31,
to 31,. The signal A3 out of the three address designation signals A3 to
AS is inputted into a signal line 31, in the first signal line group 31. The
signal A4 is inputted into a signal line 31;. The signal AS is inputted
into a signal line 31,. A signal A3 opposite in phase to the signal A3 is
inputted into a signal line 31, in the first signal line group 31. A signal

A4 opposite in phase to the signal A4 is inputted into a signal line 31,,



23 That is to say, as shown in Table 2 below, intersections in the
viginity of which swtching devices are provided are set such that, when m

is 0, 1, 2, 4 or 5, signal lines 33[err], 33[err], 33fe~}.-33[err],
33[err] other than the signal |ine 33m becone conduc iM@LﬁDEMM?%"{EFtS 3,
e

6 or 7, the signal |ines 333, 336, 337 cdrrespondingjts¢ econe
conducti ve. [ TABLE P] val ue m
desi gnat ed by AOC A2 Signal line in first state (co u:t?v‘e Jﬂs 1998
state) anong signal lines 33[err]-33[err] 1
and a signal A5 opposite in phase to the signal [AS is inputted into a

signal line 31,. Here, a signal of opposite phase such as A3isatL (orﬁ)—
level when a signal A3 is at H (or L) level.

To realize the input of address designation signals as described
above, the signal A3 is inputted into the signal line 31, through the
inverters 41, and 41,, and the output of the inverter 41, is inputted as
the signal A3 into the signal line 31,. The signal A4 is inputted into the
signal line 31, through the inverters 41, and 41,, and the output of the
inverter 41, is inputted as the signal A4 into the signal line 31,.
Moreover, the signal AS is inputted into the signal line 31; through the
inverters 41, and 41;, and the output of the inverter 41, is inputted as
the signal A5 into the signal line 31,.

The second signal line group 33 consists of eight parallel signal
lines 33, to 33,. The second signal line group 33 is arranged to intersect
the first signal line 31. It is noted that, in actuality, the second signal
lines 33, to 33; include switching devices 35, respectively and an
impurity diffused layer formed on a semiconductor substrate (see FIG.
11{B}), which description will be given below.

Each of the switching devices 35 is provided in the vicinity of a
plurality of predetermined intersections among intersections {or
crossover points) P between the first signal line group 31 and the second
signal line group 33, although only part of the intersections are denoted
by P in FIG. 10. The intersections will be described later.

Each of the switching devices 35 has a control signal input
terminal 35a. The switching device 35 can be made out of an
enhancement type P-channel or N-channel field effect transistor. In FIG.

10, the switching devices 35 consist of enhancement type N-channel field



0 33[err]: 1

33ferr] 2 33[err]

3 33[err] 4

33[err] S REPLACRMENGT GLEET
6 33[erd i é
33[err] To realize the operation shown in Tabj e} 2 Sy afaPkgakng
signal line 33[err] in the second signal |ine group B3 gv\ft"MF%gdevi
35 are provided in the vicinity of an intersection bet#eer—the—stgml

gg% g; H :gg %ﬁgcb:ﬂlxﬁﬁéisto}é %séé&;ve?ﬁ | Th & coaetd] @Al teRRifAlfea td |
gnal T1ne an intersection

line 33[err] pargetimr, & ghtdlelddtitic} Bba of &adteswiteRing device 35 is connected
to a first signal line closest to the corresponding intersection. The
switching device 35 per se is connected, in series, to a second signal line
closest to the intersection. Specifically, each switching device 35 is
connected to the second signal line through a drain serving as a first
main electrode and a source serving as a second main electrode. (See
FIG. 11(B) for more detailed illustration.)

In this case, the predetermined intersections, i.e. crossover points
in the vicinity of which the switching devices 35 are provided, are set as
follows. Assume that a value m which is one of values O to 7 in decimal
notation is defined as address designation signals A3 to A5. In the
conventional row decoder 30, switching devices 35 are provided such
that when the value m is inputted into the first signal line group 31, the
provided switching devices 35 become conductive and a m-th second
signal line, that is, second signal line 33, corresponding to the value m in
the decimal notation out of the signal lines 33, to 33, in the second signal
line group 33, turns into a first electric state (a conductive state in this
case).

More specifically, in the prior art of FIG. 10, in respect of the O-th
signal line in the second signal line group 33 or signal line 33,, the
switching devices 35 are provided in the vicinity of intersections between
the second signal line 33, and the first signal line 31,, 31, and 31,,
respectively. Due to this, when (0, O, 0) {(corresponding to "000" in the
binary notation}, that is, m = O (in the decimal notation) is inputted as
address designation signals A3, A4 and AS, respective switching devices

35 in the vicinity of the above intersections are turned on and other

ces
i ne

ne



As for the signal 33 , switching devices 35 are provided in the vicinity
of, an intersection between the signal line 33[err] and the signal I|ine

24 310, an intersection between the signal |ine 33[ers]--and -the signal
line 31[err] and an intersection between the signal |l 334€KT] . afd { he
signal line 31[err] respectively. 5 As for theisigrat-—~33ferri-;
switching devices 35 are provided in the Co '
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switching devices 35 provided in the vicinity of the intersections between |

second signal lines other than the O-th signal 33, and the first signal
lines 31,, 31, and 31, are turned off, respectively. As a result, only the
O-th signal line 33, in the second signal line group 33 is selectively
conductive. As regards, for example, the 7th signal line 33, in the
second signal line group 33, switching devices 35 are provided in the
vicinity of intersections between the second signal line 33; and the first
signal lines 31,, 31, and 31, respectively. Due to this, when (1, 1, 1)
(corresponding to "111" in the binary notation), that is, m = 7 (in the
decimal notation) is inputted as address designation signals A3, A4 and
AS, the switching devices 35 in the vicinity of these intersections are
turned on and other switching devices 35 provided in the vicinity of the
intersections between second signal lines other than the 7th signal line
33, and the first signal lines 31,, 31; and 31, are turned off, respectively.
As a result, only the 7th signal line 33, in the second signal line group 33
is selectively conductive.

In this way, in the conventional row decoder 30, if the value m is
inputted as the address designation signals A3, A4 and AS5, the signal
line 33 corresponding to the value m becomes conductive. The

relationship is shown in Table 1 below.
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line 311, an intersection between the
line 312 and an intersecti on between t
signal line 315, respectively.

devices 35 are provided in the wvicinit
signal line 33[err] and the signal |ine
the signal line 33[err] and the signal
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line 33[err] and the signal

line 33] erﬁg—- e--Si-ghal—
he signal |ine 33 ?ﬂﬂ‘ﬁwit h@’{tﬂ

between the signal line 33[err] and the signal line 31z\ respectively.
As for the signal 334, switching devilP&8L& ] provi ded i : Ve ty
an intersection between the signal line 33[err] and the signal line 31
Value m designated by A3-AS Signal line in first state
(AO-A2) (conductive state) among
signal lines 33, to 33,
0 33,
1 33,
2 33,
3 33,
4 33,
S 33,
6 33
7 33,

The pull-up resistors 37 connect the signal lines 33, to 33; in the
second signal line group 33 to the power supply V, respectively.

Input terminals of the output inverters 39, to 39, are connected to
nodes between the second signal lines 33, to 33, and the pull-up
resistors 37, respectively.

In the row decoder 30, when (0, 0, O} is inputted as an address
designation signal, the signal line 33, in the second signal line group 33
turns into a conductive state based on the above-described principle
while other signal lines 33, to 33, turn into a second electric state, thatis,
a non-conductive state. Due to this, the input terminal of the inverter
39, becomes H level while input terminals of the remaining inverters 39,
to 39, become L level. As a result, the terminal CLO becomes H level and
the terminals CL1 to CL7 become L level. Therefore, one of the terminals

CLO to CL7 (CLO in this case) can be selectively made H level.

The following structure is typical of the actual structure of the row

an



I ntersection between the signal line 33[err] and the signal line 312 and an

intersection between the signal line 33[err] and the gi-ghat—trme—3

respectively. As for the signal 33[err], smntchanKAGHMENE

provided in the vicinity of an intersection betmeen t hg-—st+gmatr—TTne
eg

33[err] and the signal line 31[err], an i'nt er section|b v%zn hﬂeﬂ%}\a
n

line 33[err] and the signal line 312 and an i ntersect t ween the
signal line 33[err] and the signal line 31[err], respecttvetry.

for the signal 33[err], switching devices 35 are proviljded in the vicinijty
of an inter seaécod\erbso\meanahﬁ tHeo$sthidonde1c36f eubstrand] i illrise
310, an intersection between the signal |ine 33[err] and the signal |ine
31[err] given with reference to FIGS. 11(A) and (B). FIG. 11 is a plan view where

a portion Q indicated by a broken line in FIG. 10 is emphatically shown.
FIG. 11(B) is a cross-sectional view taken along lines I-I of FIG. 11(A). It
is noted that FIG. 11(B) is a cross-sectional view where a section is
emphatically illustrated.

In FIGS. 11{A), 11(B), reference numeral 35 denotes a gate
insulating film of a field effect transistor 35; 42 a silicon substrate as a
semiconductor substrate; 43 an impurity diffused region (source-drain
region) in an active region; 45 an interlayer insulating film; and 45a a
contact hole provided in the interlayer insulating film 45.

As can be understood from FIG. 11, in the actual structure,
band-shaped active regions are formed in planned portions (including
the impurity diffused region 43 in FIG. 11) for the formation of the second
signal lines 33, to 33,, respectively on the semiconductor substrate 42.
The first signal lines 31, to 315 in the first signal line group 31 are
constituted by part of a wiring or interconnecting member (on a first
layer) provided on the interlayer insulating film 45. In addition, as can
be, in particular, understood from FIG. 11(B), the signal lines (the signal
line 33, in FIG. 11(B)) in the second signal line group 33 are constituted
by portions where part R of the wiring member on the first layer, the
impurity diffused region 43 and the field effect transistors 35 are
connected in series, In FIG. 11(B), while the three field effect transistors
35 are being turned on, the second signal line 33, is conductive,

Meanwhile, a column decoder having a structure to be described
below with reference to FIG. 12 is an example of the above-stated

conventional column decoder 50. That is, it is an address decoder



and an intersection between the signal line 33[err] and the signal line
25 '

3lferr], —~~f-eSspeetiety—
As[for the signal 337, switching devices are provided ij rREMACEMENRISHEETo
an intersection between the signal line 33[err] and th¢ stgrat—tt+re
3l[err], an intersection between the si g$1al line 33[efr] %Pi ;m 15978;nal
line 31[err] and an intersection between the signal |ine e rF and th
signal line 31[err],

having a structure in which the pull-up resistors 37 ardtireoutparstde—

inverters 39, to 39, are removed from the constituent elements of the row
decoder 30 described with reference to FIG. 10 and in which signals AO to
A2 are inputted as address designation signals.

In the column decoder 50, when a value m (where m= 0 to 7) is
inputted as the address designation signals AO to A2, a signal line 33, in
the second signal line group 33 becomes conductive and the remaining
signal lines in the group 33 become non-conductive. Due to this, the
signal line R, among the signal lines RO to R7 in the column direction of
the memory cell array 10 can be selected. The relationship between the
value m indicated by the address designation signals A0 to A2 and the
conductive signal line 33_ can be e;:pressed by truth values shown in
Table 1 above.

However, in the conventional row decoder 30 and column decoder
50 mentioned above, the switching devices 35 are arranged regularly.
Description will be given thereto below. |

It is observed whether or not switching devices 35 are provided in
the vicinity of intersections between the signal lines 31,, 31, and 315 in
the first signal line group 31 and the signal lines 33, to 33, in the second
signal line group 33, respectively. The observation is made from left to
right, that is, from second signal lines 33, to 33, in the second signal line
group 33 and from top to bottom in FIG. 10. Then, it is seen that no
switching device is provided in the vicinity of three intersections between,
for example, the signal line 33, and the signal lines 31,, 31,, 31;,
respectively. Such a state is expressed as (0, 0, 0). It is noted that '0’
dignifies that a switching device 35 is not provided in the vicinity of an

observed intersection while '1' dignifies that the device 35 is provided

11°



respectively. The way to connect the switching devices 35 to the
signal lines, respectively is the sane as the conventj ongL_,mw.-Iha-t——q;,
gate electrode 35a serving as the control signal i nptet ;,tarpm;NﬁNTOSHEETe

switching device 35 is connected to the §ignal i ne iin first o.g1al
line group 31 in the vicinity of the corfesponding i rSf J@@}“ﬁ t he
switching device 35 per se, that is, the main el ectragdels ¢€her Hare
connected, in series, to the second signal line in the kecord—egroup—33}in
the vicinity of the corresponding intersection. Mre pecifically, the
swi t chi ng dewtheeei®5 is connected such that the main c
Is inserted, in series, into the signal line in the second signal |ine
group 33. In case of three intersections (or crossover points) between the

signal line 33, and the signal lines 31,, 31;, 31;, respectively, a switching
device 35 is provided in the vicinity of the intersection between the signal
line 33, and the signal line 31, while no switching device 35 is provided in
the vicinity of other two intersections. This state is (1, 0, 0). Likewise,
states of the signal lines 33, to 33, are (0, 1, 0}, (1, 1,0), (0, 0, 1), (1,0, 1},
0, 1, 1) and (1, 1, 1), respectively.

Namely, in the conventional row decoder 30 and column decoder
50, the switching devices 35 are arranged in a regular manner
corresponding to the arrangement order of three bits in the binary
notation. This produces a problem that the third party can easily
analyze which signal line is conductive in the second signal line group 33
when address designation signals are inputted.

There is a case where the third party reads data within the memory
cell array by using, for example, a probe and tries to misuse the data.
To do so effectively, the third party may well first analyze which signal
line is conductive in the second signal line group 33 when address
designation signals are inputted.

It is of course possible to sequentially change address designation
signals and to analyze which signal lines become conductive in the
second signal line group in accordance with which address designation
signals by using a probe one by one. However, consecutive analysis
using a probe, if applied to a large-scale semiconductor memory, requires
considerable time and labor. It is preferable for the third party
intending to misuse data to discover which signal line in the second

signal line group 33 is conductive in accordance with which address



Since the intersections in the vicinity of which the s$Ww I — S} 35
are provided, respectively, are selected as descri bedabévgcgﬂﬁ@'eéﬂé?

arrangenent of the switching devices 35 in the addres$ deCoder Tn thip
enbodi ment is irregular conpared to thatl in the convefitijofall 3NYri8ss
decoder (columm decoder). Therefore, a dfird party, eyen if trying to

anal yze which signal line in the second signal line gfoup I's ponductivg I n
accordance with certain address designation signals, has difficulty doihg
so, conpared to the conventional decoder. In the above enbodi nent,

descri pti on designation gignais from tha seranwgemenhefl Haswitchimgdeices in the [err]
6.m other trggvnaég%oii_lr%glaéeclz()id%?s,g gu[a?:rirs} frlc?n a visual layout. In that case, in
the conventional address decoder, it is easy to analyze which signal line
in the second'signal line group 33 is conductive according to certain
address designation signals from the arrangement of the switching
devices and, therefore, the third party tends to easily read data in the
memory cell array and the like. This is not desirable in view of
information security.

It is therefore an object of the present invention to provide an
address decoder capable of making it more difficult to visually analyze
which signal line in the second signal line group is conductive according
to inputted address designation signals than in the case of the
conventional decoder,

It is another object of the present invention to provide a
semiconductor memory which data is difficult to misuse by a third party.

Furthermore, in case of a semiconductor device comprising at least
one of a logical product circuit (AND circuit), a logical add circuit (OR
circuit) and an inverter circuit, it is preferable that the true structure
thereof cannot be easily observed visually to prevent a third party from
imitating the semiconductor device and the like. Therefore, it is yet
another object of the present innovation to provide a semiconductor
device having a structure in which the true structures of at least one of a
logical product circuit, a logical add circuit and an inverter circuit are
difficult to observe visually.

SUMMARY OF THE INVENTION
(1) An address decoder according to the first mode of present

invention comprises a first signal line group into which address



26 conductive in accordance W|th five kinds of address des: gnation I
signals m= 0, 1; eélHas'.‘Bcexf ped¢tively. However, this is only an exanple
ang the present rirm;ZSh B not be linited ther ef-o—ti—swi

devices 35 are arr mm‘! t one signal |ine 33[ pREPLASENENT SHEET
other than the sig i s ddnductive in afces el-a-ﬁe-e—wr—t-h—a
| east two kinds of address desi gnatlon signals m respeg zvg YM
advant age of the first enbodi ment can be obtai ned. Thgr ¢f
possible that the signal Iine 33[err] (X [err] n) othet—tharmrth sugnal
line 33[err|desigmatidineigiz)oah are ieputtetigtwlere m = 0 to njand n is a positive

integer, a second signal line group intersecting the first signal line group
and consisting of signal lines numbered 0 to n, and switching devices
respectively provided in the vicinity of a plurality of predetermined
intersections out of intersections (or crossover points) between the first
and second signal line group. The switching devices have their control
signal input terminals connected to first signal lines in the first signal
line group, respectively, and have their main current path connected, in
series, to the second signal lines in the second signal line group,
respectively. Each of the switching devices is on/off controlled in
accordance with the address designation signals m to thereby turn one of
the signal lines in the second signal line group into a first electric state.
According to the constitution of the address decoder, the predetermined
intersections are set such that one of the signal lines other than a signal
line numbered m out of the signal lines numbered O to n in accordance
with at least two kinds of the address designation signals m.

According to the first mode of the present invention, the switching
devices are arranged more irregularly than those in the conventional
address decoder described with reference to FIGS. 10 or 12. This can
make it more difficult for a third party to analyze which signal line in the
second signal line group is turned into the first electric state, for example,
conductive state in accordance with address designation signals from the
arrangement of the switching device than in the case of the conventional
address decoder.

To carry out the first mode of the present invention, the simplest
way to determine the predetermined intersections is to set them such

that when m, is inputted as address designation signals, a m,-th signal
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to 33[err] is selectively conductive in accordance wth, for exanpl e, two

ki nds of address designation signals m respectively. A .
possi ble that the signal line 33[err] (X [err] m ot hrﬁgﬁ}aax':mﬂ\m ‘%Hl""ﬂia

line 33[err] of the signal lines 33[err] _to 33[err] is sekectiver

conductive in accordance with all addres desi ghat i on giﬁl ; g}i 3

respectively. The above enbodi nent has il lustratqd é g?
MNeedtess—tU S a)

decoding eight (2[err]) signal lines 33[err] to 33[ery].
the first enbodinment is applicable to other scal es of addr ess decoders
be specific, lifie ifehe secomd sigridined groerpiscumdtoensidsa Ao '
i nes, address designation signals are n bit signals and n sw tchl ng

devi ces are isoinmatted a® adthpsstdesignationdsigngdsy| mi,itie sigraalelinenirt Hae
concept of the first enbodinment. It is, thereby, possible to apply this
enbodi ment t csecond signal line group is conductive. Alternatively, the predetermined

intersections can be set such that signal lines numbered O to n other
than the signal line numbered m are selectively conductive in accordance
with, for example, three or four kinds of address designation signals. It
is also possible that the signal lines numbered O to n other than the
signal line numbered m selectively turn into a conductive state in
accordance with each of said address designation signals m. That is,
the second signal lines numbered, for example, 3,0, 7, 5,6, 1, 4 and 2
out of the signal lines numbered O to 7 are conductive in accordance with,
for example, the address designation signals 0, 1, 2, 3,4, 5,6 and 7 in
due order. This invites much more preferable and irregular
arrangement of the switching devices.

An address decoder according to the second mode of the present
invention comprises a first signal line group into which address
designation signals m are inputted, where m = 0 to n and n is a positive
integer, a second signal line group intersecting the first signal line group
and consisting of signal lines numbered O to n, and switching devices
respectively provided in the vicinity of a plurality of predetermined
intersections out of intersections (or crossover points) between the first
and second signal line group. The switching devices have their control
signal input terminals connected to first signal lines in the first signal
line group, respectively, and have their main current paths connected, in
series, to the second signal lines in the second signal line group,
respectively. Each of the switching devices is on/off controlled in

accordance with the address designation signals m to thereby turn one of

S



vari ous scal es of address decoders. 2. The Second Enbodi nent O An Address
Decoder Next, the second enbodi nent of an address.decoder according
to the present invention will be described with referen &,@ﬁf ‘S’H}E,%F
4. FIG 3 is acircuit diagramof the address decoder 1€ seCq

enbodi ment. FIG 4(A) is a plan view shoWng the truth g
Q@ of FIG 3. FIG 4(B) is a cross-sectional diagram talen
27 ‘

the signal lines in the second signal line group into a e

The address decoder further comprises constantly conductive switching
devices (Normally-On type) provided in the vicinity of all or part of the
intersections other than the predetermined intersections. The
constantly conductive switching devices are provided such that their
control signal input terminals are connected to the first signal lines,
respectively and that their main current paths are connected, in series,
to the second signal lines, respectively.

The address decoder in the second mode according to the present
invention has a structure in which not only switching devices on/off
controlled in accordance with address designation signals but also
constantly conductive switching devices are included in the switching
device matrix. Since the constantly conductive switching devices are
constantly conductive, they do not contribute to switching operation and
they function as dummy switching devices camouflaging the
arrangement of the true or normal switching devices. Due to this,
compared to the conventional address decoder described with reference
to FIGS. 10 or 12, it is difficult to specify the arrangement of the true
switching devices. As a result, even if a third party tries to analyze
which signal line in the second signal line group is conductive according
to address designation signals, it is more difficult to do so than in the
case of the conventional address decoder.

To carry out the second embodiment according to the present
invention, it is desired that the constantly conductive switching devices
(dummy switching devices) are respectively provided in the vicinity of all
intersections other than the predetermined intersections. This is

because the less clearly arrangement of the true switching devices can be
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semiconductor memory and for providing a smaller semiconductor
memory, compared to a case where the constantly conductive switching
devices are provided partly.

To carry out the second mode according to the present invention, it
is further preferable that the constantly conductive switching devices are
provided to make it difficult to discriminate them from the true switching
devices. It is, for example, desirable that dimensions of respective
elements, such as the gate length and gate width of a field effect
transistor, as well as arrangement of the.elements are the same as those
of the true switching devices.

An address decoder according to the third mode of the present
invention comprises a first signal line group into which address
designation signals m, where m = O to n, n is a positive integer, is
inputted, a second signal line group intersecting the first signal line
group and consisting of signal lines numbered O to n, and switching
devices respectively provided in the vicinity of a plurality of
predetermined intersections out of intersections (or crossover points)
between the first and second signal line group. The switching devices
have their control signal input terminals connected to first signal lines in
the first signal line group, respectively, and their main current paths
connected, in series, to second signal lines in the second signal line
group, respectively. Each of the switching devices is on/off controlled in
accordance with the address designation signals m to thereby turn one of
the signal lines in the second signal line group into a first electric state.
The address decoder further comprises a shielding film for preventing

connection relationship between the control signal input terminal of each

S



the first signal line group 31 in the vicinity of the intersections
belonging to the respective control signal input termnals thereof and the
devices 111 thenselves are connected, in series, to prgnat 1 | e
second signal line group 33. The dunmy or pseudo sw éﬁ%ﬁécaﬂéﬁié%@ﬁt
swi t ching devices which are not on/off cdAtrolled by hdfT€SsS desrgnatl on
signals. Description below will given to a case wherejthe9ef dyxNn338
swi t ching devices consist of transistor sw tching devjces. Nanel
in the address decoder 110 in this enbodi ment, anong |intersections bet

si gnal |ines denkhavitdKinlg ddvidiahndicaeh®fate signalined o siee finst signakinsd
signal line group 33, constantly conductive sw tching evices 111 are

provi ded in theuyifebm b¥inglvishhllpretdigized.er sections ot her

According to the third mode of the present invention, since the
shielding film is provided, it is possible to make it more difficult to
confirm the arrangement of the switching devices than in the case of the
conventional decoder. Due to this, even if a third party tries to analyze
which signal line in the second signal line group turns into a first state in
accordance with address designation signals from the arrangement of the
switching devices, he or she finds it more difficult to do so than in the
case of the conventional decoder.

In a preferred embodiment according to the present invention, it is
preferable that the address decoder has a structure in which
intersections in the vicinity of which true switching devices are provided
are irregularly arranged and which constantly conductive switching
devices (i.e. dummy switching devices) are provided in the vicinity of part
or all of the intersections other than those in which the true switching
devices are provided, respectively.

In another embodiment according to the present invention, an
address decoder can has a structure in which intersections in the vicinity
of which true switching devices are provided are arranged irregularly and
which a shielding film is provided.

Furthermore, the address decoder according to the present
invention preferably has a structure in which intersections in the vicinity
of which true switching devices are provided are arranged irregularly,
which constantly conductive switching devices are provided in the
vicinity of part or all of the intersections other than those in the vicinity of

which the true switching devices are provided, respectively, and which a



than those in the vicinity of which true switching devices 35 on/off
controll ed by address designation signals are provided. . As true
swi tching devices 35, N-channel type field effect transisimaceREnT fr
exanpl e, enhancenent type are used. As c tantly condugti E&Er\_ﬂcrﬁ?{%_].
devices 111, field effect transistors of, for exanple, de rgsFion tg\épe re
used. If depression type field effect transistors are usefl &s JAN 18

28

shielding film is provided.

In yet another preferred embodiment according to the present
invention, an address decoder preferably has a structure in which
constantly conductive switching devices are provided in the vicinity of
which part or all of the intersections other than those in the vicinity of
which true switching devices are provided and which a shielding film is
provided.

The address decoder in each of the preferred embodiments

according to the present invention has a complex structure since not less
than two of the first to third modes according to the present invention are
combined. As a result, it is possible to make it more difficult for a third
party to visually recognize which signal line in the second signal line
group is conductive in accordance with inputted address designation
signals than in the first to third modes according to the present
invention.
(2) A semiconductor device according to the present invention
comprises a memory cell array and a row and column decoders
connected to the memory cell array, respectively. One of the address
decoders of the above-described structures is used as at least one of the
row decoder and the column decocder. Due to this, it is possible to
provide a semiconductor device capable of making it difficult to visually
grasp which signal line in the second signal line group is conductive in
accordance with inputted address designation signals. As a result, a
semiconductor device capable of making it more difficult for a third party
to misuse the data of the device than in the case of the conventional
device.

(3) A semiconductor device, including a logical product circuit,



constantly conductive switching devices 111, channels 11la can be forned
I n advance by injecting inpurities into planned regions for formng
constantly conductive switching devices 111 on the sem cpnductor—stb S =
42, as shown in FIG 4(B). To make it difficult to discr| mbrhfEEMENT SHEET
depression type field effect transistord7111 fromthe enhaficCenent—type
field effect transistors 35, the transistors 111 preferaply Qaye_j%pﬂggar
di mensi ons, such as a gate length and a gate w dth, as thope of the
transi stors 35. Since the channels 11la for the depréssron type
field effectyedot@ip StoOrthel bheB&it StvBhfiohN\dothptiSes dat R EHIAL

recogni zes the address decoder 110 as if true swtching
arranged in dgeticel Mt ¥rty), a pull-up resistor and at least one constantly

conductive switching device. The switching device sequence or array
has at least two switching devices connected in series. The switching
devices is on/off controllied in accordance with a signal inputted into
their control signal terminal. The pull-up resistor pulls out an output
node of the switching device sequence to a power supply. The
constantly conductive switching device has its control signal input
terminal connected in series to the switching device sequence.

Another semiconductor device, including a logical add circuit,
according to the present invention comprises a switching device
sequence, a pull-down resistor and at least one constantly conductive
switching device. The switching device sequence has at least two
switching devices connected in series. The switching devices is on/off
controlled in accordance with a signal inputted into their control signal
terminal. The pull-down resistor pulls down an output node of the
switching device sequence to a ground. The constantly conductive
switching device has its control signal input terminal connected in series
to the switching device sequence.

According to the semiconductor device of the present invention,
the control input terminals of the on/off controlled switching devices and
those of the constantly conductive switching devices are recognized as
input terminals of the logical product circuit or logical add circuit by a
third party. However, the control input terminals of the on/off
controlled switching devices contribute to the actual operation. Namely,
although the actual circuit is the logical product circuit or logical add

circuit having n inputs (where n is an integer not less than 2), it is




intersections, respectively therein. As a result, even if a third party
tries to analyzes which signal line in the second signal line group 33 is
conductive according to address designation signals, hd QEPLWN’TEQ'?%HEE&
nore difficult to do so than in the conventional case. As describe
above, in this enbodinent, the constantl® conductive dwiltchi ng derBCe
as dummy switching devices are provided in all of the !rte?rs]e ANOREE o
than those in the vicinity of which true switching dey s.35 are
provided. As can be seen fromFIG 4(A), therefore, cqntrol signal input
ternminal s (possibjate maketa tiied)paaty kzhﬂlaﬂlivl Feddighize e _
constantly conductive switching devices 111 arranged along the first
si gnal |i nesir8tiiteor logieal3dd cirbuit kaviegt (nvelo) inpabs $@hee: d4s an integer

|11
her

v/

not less than 1). As a result, it is possible to make it difficult for the
third party to, for example, imitate the semiconductor device.

A semiconductor device, including an inverter circuit, according to
the present invention comprises a switching device, a pull-up or pull-
down resistor and at least one constantly conductive switching device.
The switching device has its control signal input terminal and is on/off
controlled in accordance with a signal inputted into the control signal
input terminal. The pull-up resistor pulls up an output node of the
switching device to a power supply. The pull-down resistor pulls down
the output node of the switching device to a ground. The constantly
conductive switching device has its control signal input terminal
connected in series to the switching device.

Still another semiconductor device of the present invention,
control input terminals of on/off controlled switching devices and those
of constantly conductive switching devices are visually recognized as
input terminals by a third party. Due to this, although the circuit is an
inverter circuit, it is possible to make the third party recognize the circuit
as a logical product circuit or logical add circuit. As a result, it is
possible to make it difficult for a third party to, for example, imitate the
semiconductor device.

Still another semiconductor device, including a CMOS inverter
comprising a series circuit of p-channel and n-channel field effect
transistors, according to the present invention includes as a part of the
CMOS inverter at least an enhancement type field effect transistor

connected in series to the series circuit.



band- shaped gate el ectrodes bridgi ng between the switching devices. In
other words, with such a structure, gate electrodes can be formed nor e
easily than in the case of providing constantly conduc{t] \

devices 111 in the vicinity of part of intersections Qtﬁ @g%ﬂ

the vicinity of which the switching devi%es are providgd, Tespectively
Besi des, the address decoder 110 in this enbodi ment can !obg 4i JAN ¥88e

Therefore, although it is a CMOS inverter, it iélp
third party recognize it as a logical circuit other than a CMOS inverter.
This can thus make it difficult for the third party to, for example, imitaté
the semiconductor device.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing an other objects, features and advantages of the
present invention will be better understood from the following description
taken in connection with the accompanying drawings, in which:

FIG. 1 is a circuit diagram for explaining a first embodiment of the
address decoder according to the present invention;

FIG. 2 is an explanatory diagram of the first embodiment of the
address decoder according to the present invention, wherein, in
particular, FIG. 2(A) is a plan view for describing the actual structure of a
part Q1 of FIG. 1, and FIG. 2{B} is a cross-sectional view taken along
lines I-I of FIG. 2(A);

FIG. 3 is a circuit diagram for explaining the second embodiment of
an address decoder according to the present invention and a circuit
diagram of the address decoder;

FIG. 4 is an explanatory diagram of the first embodiment of the
address decoder according to the present invention, wherein, in
particular, FIG. 4(A) is a plan view for describing the actual structure of a
part Q2 of FIG. 3, and FIG. 4(B) is a cross-sectional view taken along
lines I-1 of FIG. 4(A);

FIG. 5 is a circuit diagram for explaining a third embodiment of an
address decoder according to the present invention, wherein , in
particular, FIG. S5(A) is a plan view for describing the actual structure of a

part of the address decoder, and FIG. 5(B) is a cross-sectional view taken



advant age that the nunber of nodes between the gate el ectrodes and the
first signal lines is reduced. If the nunber of contacts points between
the gate electrodes and the first signal lines is reduced—+he—area—pr the
formati on of the address decoder can be reduced as uwRLAEEMFNT SHEET:
shoul d be enphasized that the way to arrdfge true s|i tehirg—edevites B5 is
not particularly limted in the second enbodi nent W? nﬁANq g pyesent
i nvention. This is because the constantly conducti swrt'ching devicégs 111
are m xedly provided anong the true swtching devi F5—arrtiver et ofe it
is difficult alstig nnbglmcbm(; B(@p anal yze which si line in the sqcond
signal line group is conductive according to addre! sTgmatton si gnal s.
FIG. 6 is an explanatory diagram of a semiconductor device

comprising a logical product circuit, wherein, in particular, FIG. 6(A} is a
circuit diagram where the AND circuit is emphatically illustrated; FIG.
6(B) is a plan view for describing the actual structure of the part shown in
FIG. 6(A), and FIG. 6(C) is a cross-sectional view taken along lines I-I of
FIG. 6(B);

FIG. 7 is a circuit diagram for explaining a semiconductor device
comprising a logical add circuit, in which the logical add circuit is
emphatically illustrated;

FIG. 8 is a circuit diagram for explaining a semiconductor device
comprising an inverter circuit, in which the inverter circuit is
emphatically illustrated;

FIG. 9 is a diagram for explaining the prior art and the problems
thereof, particularly, on the basis of one example of the structure of the
semiconductor device;

FIG. 10 is a diagram for explaining the prior art and problems
thereof, particularly, on the basis of one example of the structure of the
conventional row decoder;

FIG. 11 is a diagram for explaining the prior art and problems
thereof, wherein, in particular, FIG. 11(A) is a plan view for describing the
actual structure of a part Q of FIG. 9, and FIG. 11(B) .is a cross-sectional
diagram taken along lines I-! of FIG. 11(A); and

FIG. 12 is a diagram for explaining the prior art and problems
thereof, particularly, on the basis of the structure of the conventional

column decoder.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT



For the above reason, in the second enbodi ment according to the
It does not nmatter whether the true swtchi ng?
regularly arranged as described with reference to FIG 12 fsy ek Ol JLT
arranged as described with reference to FIG 1. Despite 1hﬁ'LAbF'gr@gEMe
of making it nore difficult for a thirdzdarty to anal yzefwhii ch, signal

In the second signal |ine group is conductive according o ﬂdﬁrmg
designation signals, it is desirable that the true swtchi bg..devices 3
are arranged irregularly. In the address decoder 110 in
the true sw tchi rigmbedimentsbf #he presaguirsehyioarwidhgeds

i nventi on,

pr esent
devices 35 are

o
S ..

1998
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reference to FIG 1. 3. The Third Enbodi mrent O An Address Decoder

reference to the drawings. It is noted that the embodiments of the
address decoders according to the present invention can be applied to
both the row decoder described with reference to, for example, FIG. 10
and the column decoder described with reference to, for example, FIG. 12.
However, the embodiments below will illustrate cases where address
decoders are applied to the column decoder which has been described
with reference to FIG. 12. In addition, respective figures used in the
description show dimensions, shapes and arrangement of the
constituent elements only schematically to such an extent that the
present invention can be understood. Furthermore, in the explanatory
diagrams of the address decoders, the same elements as those described
with reference to FIGS. 10 to 12 are denoted by the same reference
numerals as those in FIGS. 10 to 12. Description thereto may not be
given.
| First Embodi Of An Add Decod

The first embodiment of an address decoder according to the
present invention will first be described with reference to FIGS. 1, 2 and
Table 2. FIG. 1 is a circuit diagram of an address decoder 100 in the
first embodiment according to the present invention. FIG. 2(A) is a plan
view showing the actual structure of a part Q of FIG. 1; and FIG. 2(B)
illustrates the section of the cross-sectional diagram taken along lines I-
I of FIG. 1.

In the address decoder 100, first signal lines 31, to 31, and second
signal lines 33, to 33, constitute the matrix arrangement at intersections.
Among those intersections, only in areas or the vicinity of the selected

intersections, true or normal switching device are connected to the

enbodi nent,
ibed beithwi t h

n

(D Ur~




The third enbodi ment of an address decoder according to the present
i nvention will now be described with reference to FIGS. 5(A) and 5(B).

FiG 5(A)
enbodi nent .

30 enphatically show the region. Fl G2
corresponding to the part QL shown in FIG 1 or the ppr @21 HRMSQS”

is a plan view showi ng part of an address dpeeder~1t20—+A—thi

In the plan view of FIG 5( 55( h;:ltchl n? i b Rj:l'té@i:MENT qHEET
A) is al so| arptefr—vtew-of

signals. The true switching device means a switthing device on/off

controlled by an address signal. It is also referred to as an inherent
switching device. Description will be given hereinafter, while a
transistor device is used as the switching device. In the embodiment
of the arrangement shown in FIG. 1, two signal lines are sequentially
defined as a pair of signal lines among the first signal lines. An address
designation signal is allotted to each pair of the signal lines.

Table 2 is a truth -value table showing the relationship between a
value m indicated by address designation signals AO, Al and A2 and a
signal line 33, which becomes conductive by the address signals.

Normally, when analyzing an address decoder, a decimal numeral
m is varied from low to high numbers, address designation signals AO to
A2 changing in accordance with the decimal numeral m are supplied to
the first signal lines and it is examined which second signal lines are
conductive.

To attain the objects of the present invention, it is necessary to
arrange'switching devices in the vicinity of intersections so as not to
make it discovered in the vicinity of which intersections forming a matrix,
true switching devices are connected while an analysis is made. In
consideration of the above point, in the address decoder 100 in this
embodiment, intersections in the vicinity of which switching devices are
provided, respectively, are set such that, when a value m (wherem =0 to
7) is inputted as address designation signals A0, Al and A2, signal lines
other than m-th signal line among O-th to n-th signal lines 33, to 33, in
the second signal line group 33 selectively turns into a first electric state
in accordance with five kinds of address designation signals m=0, 1, 2, 4,

5. Here, the first electric state is set to, for example, a conductive state.




FIG 3. FIG 5(B) is a cross-sectional view taken along lines I-I of FIG
5(A). In FIG 5(B), a section is enphatically illustrated. The
address decoder 120 in the third enbodi nent conprises g—mshi-eleing—fitm
for preventing the connection relationship between conREBLAGEMENT SHEEIT
termnal s 35a of the switching devices 35 and signal Jli YeS—~3+0—+0—3+p iIn

1121

the first signal |ine group 31, respectively, from beijng C \
vi sual | y. Nanely, the address decoder 120 in this e%@ogmﬁgg

conprises a shielding film 121 covering the entire regiertnetudimg—al |} of
the intersectiorthdicisvesrsay, fds showry imJdblae drebap, ﬂflteasebtéormednmrtﬁew i ng
line group 33.

vicinity of which switching devices are provided are set such that, when

mis O, 1, 2, 4 or 5, signal lines 33,, 33,, 33,, 335, 33, other than the
signal line 33m become conductive and when m is 3, 6 or 7, the signal

lines 33;, 33,4, 33, corresponding to the value m become conductive.

[TABLE 2]

Value m designated by A0-A2 | Signal line in first state (conductive
state) among signal lines 33,-33,

33,
33,
33,
33,
33,
33,
33,
33,

N O AW N = O

To realize the operation shown in Table 2, as for the signal line 33,
in the second signal line group 33, switching devices 35 are provided in
the vicinity of an intersection between the signal line 33, and the signal
line 31,, an intersection between the signal line 33, and the signal line
31, and an intersection between the signal line 33, and the signal line 31,,
respectively.

As for the signal 33,, switching devices 35 are provided in the

vicinity of an intersection between the signal line 33, and the signal line



The shielding film 121 may be nade of freely chosen material from those
whi ch are opaque to prevent the visual observation by a third party and
which do not deteriorate the reliability of the address decoder. Such

material include, for exanple, netals used for formng Wwg DETS™S
as al uminum gold, silver and copper and 24 silicon oxi de ﬁ#fp{l%ﬁf éﬁ)ﬁ’fﬁﬂa

the like used as interlayer insulating filns. I njagldi tion, The
shielding film121 can be nade of part of a second wir|ng RayefAMiess
form ng a sem conductor nenory. In such a case, after fhe first wirin
menber 31 and@ij)e dr ketepsetiotr betweemnthiasignal limg 33 ami{thetsighalline 133,
formed. A shielding filmmade of part of the second wiing |layer is the
provi ded on tdred iamsintatseagioti betwelirt thenaignadlline 88, ehnd the signal line 3T,

respectively.

As for the signal 33,, switching devices 35 are provided in the
vicinity of an intersection between the signal line 33, and the signal line
31,, an intersection between the signal line 33, and the signal line 31,
and an intersection between the signal line 33, and the signal line 31,
respectively.

As for the signal 33,, switching devices 35 are provided in the
vicinity of an intersection between the signal line 33; and the signal line
31,, an intersection between the signal line 33; and the signal line 31,
and an intersection between the signal line 33; and the signal line 31,,
respectively.

As for the signal 33,, switching devices are provided in the vicinity
of an intersection between the signal line 33, and the signal line 31,, an
intersection between the signal line 33, and the signal line 31, and an
intersection between &e signal line 33, and the signal line 31,,
respectively.

As for the signal 33;, switching devices are provided in the vicinity
of an intersection between the signal line 335 and the signal line 31,, an
intersection between the signal line 33; and the signal line 31, and an
intersection between the signal line 33; and the signal line 31,
respectively.

As for the signal 33, switching devices 35 are provided in the
vicinity of an intersection between the signal line 334 and the signal line
31,, an intersection between the signal line 33; and the signal line 31,

and an intersection between the signal line 334 and the signal line 31,



shielding film 121 is made of conductive material, i{_dges not matter
whet her or not the potential of the shielding film 12%dpsACEREDT tMERT
certain potential (such as a power supply potentialla ‘
potential). 3
a
t

hg way to
arrange the true switching devices 35 is2f0t particu Iﬂ 1I-’Mt1%% iIn k he
third enbodi mnent. This is because the arrangenent of | ' dejvi ces

35 per se can be shielded by the shielding film 121 fand

respectively.

As for the signal 33,, switching devices are provided in the vicinity
of an intersection between the signal line 33; and the signal line 31,, an
intersection between the signal line 33, and the signal line 31, and an
intersection between the signal line 33, and the signal line 31,
respectively.

The way to connect the switching devices 35 to the signal lines,
respectively is the same as the conventional way. That is, a gate
.electrode 35a serving as the control signal input terminal of the switching
device 35 is connected to the signal line in the first signal line group 31 in
the vicinity of the corresponding intersection, and the switching device
35 per se, that is, the main electrodes thereof are connected, in series, to
the second signal line in the second group 33 in the vicinity of the
corresponding intersection. More specifically, the switching device 35 is
connected such that the main current path thereof is inserted, in series,
into the signal line in the second signal line group 33.

Since the intersections in the vicinity of which the switching
devices 35 are provided, respectively, are selected as described above, the
arrangement of the switching devices 35 in the address decoder in this
embodiment is irregular compared to that in the conventional address
decoder (column decoder). Therefore, a third party, even if trying to
analyze which signal line in the second signal line group is conductive in
accordance with certain address designation signals, has difficulty doing

so, compared to the conventional decoder.

In the above embodiment, description has been given to a case

where one signal line 33, (X # m) other than the signal line 33, is



therefore a third party finds it difficult to analyze which signal line in
the second signal line group is conductive accordi ng I Gy S
designation signals. For that reason, accordi n;%g EE&@'M ﬁHEET
enbodi ment, it does not natter whether ?ge true sw tchipg devices 35}arje
arranged regularly as described with reférence to Flg 122 o Jid 19981 irly
as described with reference to FIG 1. However, for purposes of makimhg|i
nore difficult for a third party to analyze which siqnal line in the
second signal line group is conductive according to addLess__dﬂiLgﬂg_%_l_()_ﬂ
si gnal s, thecondactiggiin@nosgdance sdth gxedeindp rcéfaéldergsg degsignajon signals
irregul arI y. Further, the region where the shielding film121 is
provi ded shoma 0, 1,2,4,5, respectively. However, this is only an example and the

present invention should not be limited thereto. If switching devices 35
are arranged such that one signal line 33, (X # m) other than the signal
line 33,, is conductive in accordance with at least two kinds of address
designation signals m, respectively, the advantage of the first
embodiment can be obtained. Therefore, it is possible that the signal
line 33, (X # m) other than m-th signal line 33, among the signal lines 33,
to 33, is selectively conductive in accordance with, for example, two
kinds of address designation signals m, respectively. Alternatively, it is
possible that the signal line 33, (X # m) other than m-th signal line 33, of
the signal lines 33, to 33, is selectively conductive in accordance with all
address designation signals m, respectively.

The above embodiment has illustrated a case of decoding eight (23)
signal lines 33, to 33,. Needless to say, the first embodiment is
applicable to other scales of address decoders. To be specific, if the
second signal line group 33 consists of 20 signal lines, address
designation signals are n bit signals and n switching devices are
connected to respective second signal lines based on the concept of the
first embodiment. It is, thereby, possible to apply this embodiment to
various scales of address decoders.

2. The Second Embodiment Of An Address Decoder

Next, the second embodiment of an address decoder according to
the present invention will be described with reference to FIGS. 3 and 4.
FIG. 3 is a circuit diagram of the address decoder 110 in the second
embodiment. FIG. 4(A) is a plan view showing the truth structure of a

part Q2 of FIG. 3. FIG. 4(B) is a cross-sectional diagram taken along



not be limited to that shown in FIG 5. It is of course possible to provide
the shielding film121 in a region having a larger area-than_that of the

region shown in FIG 5. For exanple, it is acceptable W@;tgg\(ﬁmg&gﬁsﬂgf e

address decoder region with the shiel di zg film121. 4. F A
Sem conduct or Menory Next, the embbdinment of a%emga‘nggﬁl @é mengry
according to the present invention will be described.] A s d go
menory can be forned by, for exanple, using the addr éss-decoder—desct i bed

with reference to FIG 1, 3 or 5 as at |east one of ei row decoder 30 apd a

col utm decodéinesByl ©f RIG. nﬁA)J t The qrossisbtidonal diagrapme-of ¥

menory capable of nmaking it nore difficult for a third party to m suse
emphatically the section.

In the second embodiment of the address decoder, among
intersections between signal lines in the first signal line group 31 and
signal lines in the second signal line group 33, constantly conductive
switching devices 111 as dummy or pseudo switching devices are
provided in the vicinity of all or part of intersections other than those in
the vicinity of which inherent, that is, true switching devices 35 on/off
controlled in accordance with address designation signals. It is noted
that the dummy switching devices 111 are connected to signal lines in
the first signal line group 31 in the vicinity of the intersections belonging
to the respective control signal input terminals thereof and the devices
111 themselves are connected, in series, to signal lines in the second
signal line group 33. The dummy or pseudo switching devices mean
switching devices which are not on/off controlled by address designation
signals. Description below will given to a case where these dummy
switching devices consist of transistor switching devices.

Namely, in the address decoder 110 in this embodiment, among
intersections between signal lines in the first signal line group 31 and
those in the second signal line group 33, constantly conductive switching
devices 111 are provided in the vicinity of all of the intersections other
than those in the vicinity of which true switching devices 35 on/off
controlled by address designation signals are provided.

As true switching devices 35, N-channel type field effect transistors
of, for example, enhancement type are used. As constantly conductive

switching devices 111, field effect transistors of, for example, depression

type are used. If depression type field effect transistors are used as



constantly conductive switching devices 111, b%‘éihne s a can be
formed in advance by injecting impurities into planned regions for
forming constantly conductive switching devices 111 on the
semiconductor substrate 42, as shown in FIG. 4(B). To make it difficult
to discriminate the depression type field effect transistors 111 from the
enhancement type field effect transistors 35, the transistors 111
preferably have the same dimensions, such as a gate length and a gate
width, as those of the transistors 35.

Since the channels 111la for the depression type field effect
transistors 111 per se are invisible, a third party recognizes the address
decoder 110 as if true switching devices 35 are arranged in the vicinity of
intersections, respectively therein. As a result, even if a third party tries
to analyzes which signal line in the second signal line group 33 is
conductive according to address designation signals, he or she finds it
more difficult to do so than in the conventional case.

As described above, in this embodiment, the constantly conductive
switching devices 111 as dummy switching devices are provided in all of
the intersections other than those in the vicinity of which true switching
devices 35 are provided. As can be seen from FIG. 4(A), therefore,
control signal input terminals (i.e. gate electrodes} of the switching
devices 35 and of the constantly conductive switching devices 111
arranged along the first signal lines 31, to 31;, respectively, can serve as
band-shaped gate electrodes bridging between the switching devices. In
other words, with such a structure, gate electrodes can be formed more
easily than in the case of providing constantly conductive switching
deviceé 111 in the vicinity of part of intersections other than those in the

vicinity of which the switching devices are provided, respectively.

data and the like than in the conventional case. I f the row decoder
30 of the sem conductor nenory described with
reference to FIG 9 is replaced by the address. diECbACEMENT SHEEDT
enbodi ments according to the present invention, it is pecessary—to-44se
of the follow ng address decoders 1), 2) 28) or 4): 1) Anéaggfmqgggdécd’der
provi ded by nodifying switching devices 35 of row degcojer

t he
one



described with reference to FIG 10 in accordance with the concept of the
first enbodi nent of the present invention; 2) an address decoder _jprqvi ded

by arrangi ng constantly conductive switching deviceg EIVSHEET g
device matrix of the row decoder 30 descri bed Wthqr@lEé}'%mEfn JZJ-G 10 in

accordance with the concept of the second%nbodi men f the

I nvention; 3) an address decoder provided by having &leb @@d @0
described with reference to FIG 10 provided with a|shi el ding i
accordance. with the third enbodi nent of the present |nvent|on and 4 an
addr ess decodBgside8Vititeadivesd dedollenatoan iis BRibddif i

decoders of the 1) to 3) address decoders. 5. The Enbodlrrent O‘A
Sem conduct oraddrifitage €REP thé nlen e S Edds between the gate electrodes and the

first signal lines is reduced. If the number of contacts points between
the gate electrodes and the first signal lines is reduced, the area for the
formation of the address decoder can be reduced as a whole.

It should be emphasized that the way to arrange true switching
devices 35 is not particularly limited in the second embodiment
according to the present invention. This is because the constantly
conductive switching devices 111 are mixedly provided among the true
switching devices 35 and therefore it is difficult for a third party to
analyze which signal line in the second signal line group is conductive
according to address designation signals.

For the above reason, in the second embodiment according to the
present invention, it does not matter whether the true switching devices
35 are regularly arranged as described with reference to FIG. 12 or
irregularly arranged as described with reference to FIG. 1. Despite this,
for purposes of making it more difficult for a third party to analyze which
signal line in the second signal line group is conductive according to
address designation signals, it is desirable that the true switching
devices 35 are arranged irregularly. In the address decoder 110 in this
embodiment, the true switching devices 35 are irregularly arranged as
described with reference to FIG. 1.

3. The Third Embodi of 2 g r j

The third embodiment of an address decoder according to the
present invention will now be described with reference to FIGS. 5(A} and
5(B). FIG. 5(A) is a plan view showing part of an address decoder 120 in

this embodiment. In the plan view of FIG. 5(A), hatching is given to



Product Circuit (O A Logical Add GCircuit) FIG 6 illustrated the
enbodi nrent of a sem conductor nenory conprising a | ogf Galys: PROGUCT tor—en
NAND in this case) circuit 200. Particularly, FIG 6( )1%‘8;@@@'5@&&‘3

di agram where the NAND circuit 200 is enphatically il}ugtrated; 6(iB)
is a plan view showi ng the actual strudOure of the |ogifaf briapgggcijr duit
200; and FIG 6(C) is a cross- sectional diagramtakgn glong lines |4l jof
FIG 6(B). It is noted that the cross-sectional diagrjlam of Fl
enphatically illustrates a section. In FIGS. 6(B) an ref erence
nuneral 221 &laphheéisaby SHowE @Re SeBidn. atEIG.SE{AYiiBthi8s & plani vHewdsia Qbart
substrate; 223 an inpurity diffused region serving as a source-drain
region; 225 @ragééporidiag! ot thegpaitl Q1 shibfvlin FIG. 1 or the part Q2 shown in

FIG. 3. FIG. 5(B) is a cross-sectional view taken along lines I-I of FIG.
- 5(A). In FIG. 5(B), a section is emphatically illustrated.

The address decoder 120 in the third embodiment comprises a
shielding film 121 for preventing the connection relationship between
control signal input terminals 35a of the switching devices 35 and signal
lines 310 to 315 in the first signal line group 31, respectively, from being
recognized visually.

Namely, the address decoder 120 in this embodiment comprises a
shielding film 121 covering the entire region including all of the
intersections between a first wiring line group 31 and a second wiring
line group 33.

The shielding film 121 may be made of freely chosen material from
those which are opaque to prevent the visual observation by a third party
and which do not deteriorate the reliability of the address decoder.
Such material include, for example, metals used for forming wiring
members such as aluminum, gold, silver and copper and a silicon oxide
film, polymer and the like used as interlayer insulating films.

Iﬁ addition, the shielding film 121 can be made of part of a second
wiring layer when forming a semiconductor memory. In such a case,
after the first wiring member 31 and the like are formed, an insulating
film (not shown) is formed. A shielding film made of part of the second
wiring layer is then provided on the insulating film. Alternatively, if the
shielding film 121 is made of conductive material, it does not matter
whether or not the potential of the shielding film 121 is fixed to a certain

potential (such as a power supply potential and a ground potential).
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The way to arrange the true switching devices 354
limited in the third embodiment. This is because the arrangement of the
switching devices 35 per se can be shielded by the shielding film 121 and
therefore a third party finds it difficult to analyze which signal line in the
second éignal line group is conductive according to address designation
signals.

For that reason, according to the third embodiment, it does not
matter whether the true switching devices 35 are arranged regularly as
described with reference to FIG. 12 or irregularly as described with
reference to FIG. 1. However, for purposes of making it more difficult for
a third party to analyze which signal line in the second signal line group
is conductive according to address designation signals, the true
switching devices 35 are preferably arranged irregularly.

Further, the region where the shielding film 121 is provided should
not be limited to that shown in FIG. 5. It is of course possible to provide
the shielding film 121 in a region having a larger area than that of the
region shown in FIG. 5. For example, it is 'acc'eptable to cover the entire
address decoder region with the shielding film 121.

4. The Embodiment Of A Semiconductor Memory

Next, the embodiment of a semiconductor memory according to the
present invention will be described. A semiconductor memory can be
formed by, for example, using the address decoder described with
reference to FIG. 1, 3 or 5 as at least one of a row decoder 30 and a
column decoder. By so doing, it is possible to realize a semiconductor
memory capable of making it more difficult for a third party to misuse
data and the like than in the conventional case.

If the row decoder 30 of the semiconductor memory described with



transi stors 207 and 209 connected in series to the swi tching device

sequence 205 and a pull-up resistor 211 for pulling up ‘pé@@é}'g R of
the series circuit consisting of these transistors 201 H@ggbc

to the power supply. The pul |l -up resistor as vveil ul | - down
resistor to be described below can be, B8r exanple, o rp SAMNEr i|sifng
the inpurity diffused |ayer forned on the sem conductfor thc'r rate qrfan

appropriate resistor such as a resistor nade by conndcting the gate
el ectrode and the source electrode (or drain el ectrode}—af—a field effgdct

transistor. ThrreAse thIFIE. Ol & téplaced sy 1081 adddest dscodeyi ipeangnel tisé ng an
inverter circuit to be described |ater.

embodiments according to the present invention, it is necessary to use

one of the following address decoders 1), 2) 3) or 4): 1) An address
decoder provided by modifying switching devices 35 of row decoder 30
described with reference to FIG. 10 in accordance with the concept of the
first embodiment of the present invention; 2} an address decoder
provided by arranging constantly conductive switching devices in the
switching device matrix of the row decoder 30 described with reference to
FIG. 10 in accordance with the concept of the second embodiment of the
present invention; 3) an address decoder provided by having the row
decoder 30 described with reference to FIG. 10 provided with a shielding
film in accordance with the third embodiment of the present invention;
and 4) an address decoder provided by a combination of not less than two

address decoders of the 1) to 3) address decoders.

FIG. 6 illustrated the embodiment of a semiconductor memory

comprising a logical product (or an NAND in this case) circuit 200.
Particularly, FIG. 6(A) is a circuit diagram where the NAND circuit 200 is
emphatically illustrated; FIG. 6(B) is a plan view showing the actual
structure of the logical product circuit 200; and FIG. 6(C) is a cross-
sectional diagram taken along lines I-I of FIG. 6(B). It is noted that the
cross-sectional diagram of FIG. 6(C) emphatically illustrates a section.
In FIGS. 6(B) and 6(C), reference numeral 221 denotes a silicon substrate
serving as a semiconductor substrate; 223 an impurity diffused region
serving as a source-drain region; 225 a gate insulating film; 227 an

interlayer insulating film; 227a a contact hole; 229 a first wiring layer;
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The logical product circuit 200 comprises a switching device
sequence or array 205 connecting two enhancement type N-channel field
effect transistors 201 and 203 in series, two depression type field effect
transistors 207 and 209 connected in series to the switching device
sequence 205 and a pull-up resistor 211 for pulling up the output node
of the series circuit consisting of these transistors 201, 203, 207 and 209
to the power supply.

The pull-up resistor as well as pull-down resistor to be described
below can be, for example, a resistor comprising the impurity diffused
layer formed on the semiconductor substrate or an appropriate resistor
such as a resistor made by connecting the gate electrode and the source
electrode (or drain electrode) of a field effect transistor. The same thing
is true of a semiconductor device comprising an inverter circuit to be
described later.

The node or connection point between the series circuit 205
consisting of transistors connected in series and the pull-up resistor 211,
serves as an output terminal E of the logical product circuit 200.
Control signal input terminals (gate electrodes) A to D of the transistors
201, 203, 207 and 209, respectively, serve as input terminals of the
logical product circuit 200. However, out of the input terminals A to D,
only the input terminals A and D relate to the logical operation of the
circuit 200 in this embodiment. The reason is that the transistors
having the input terminals B and C are constantly conductive, that is,
dummy transistors.

Therefore, the logical product circuit 200 appears to be an NAND
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enbodi nent. The reason is that the transistors having the |nput term n
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34 circuit having four inputs; however, it is actually an NAND circuit
having two inputs. However, if a third party visually observes the
| ogi cal product circuit 200, he or she recogni zes fo gate el ectrodes as
input termnals as shown in FIG 6(B). Besides, the { t
visual ly discover that the transistors 367, 209 are )huﬁgﬁpgggyggﬁp@?
Due to this, he or she recognizes the Ioglcal pr oduc v|rci1 J ﬁ%? ag tihat
havi ng four inputs. AN 1938

circuit having four inputs; however, it is actually anf NAND circuit having

two inputs.

However, if a third party visually observes the logical product
circuit 200, he or she recognizes four gate electrodes as input terminals
as shown in FIG. 6(B). Besides, the third party cannot visually discover
that the transistors 207, 209 are of depression type. Due to this, he or
she recognizes the logical product circuit 200 as that having four inputs.
As a result, it is possible to make the third party erroneously recognize
the semiconductor device, thereby making it difficult for the third party
to, for example, imitate the semiconductor device.

FIG. 7 illustrates the embodiment of a semiconductor device
comprising a logical add circuit (NOR circuit in this embodiment) 250.
Particularly, FIG. 7 is a circuit diagram where the logical add circuit 250
according to the present invention is emphatically illustrated.

The logical add circuit 250 comprises a switching device sequence
255 connecting two enhancement type P-channel field effect transistors
251 and 253 in series, two depression type field effect transistors 257
and 259 connected in series to the switching device sequence 255, and a
pull-down resistor 261 for pulling down the output node of the series
circuit consisting of these transistors 251, 253, 257 and 259 to the power
supply.

The node between the series circuit 255 comprising those
transistors and the pull-down resistor 261, serves as an output terminal
E of the logical add circuit 250. Gate electrodes A to D of the transistors
251, 253, 257 and 259, respectively, serve as input terminals of the
logical add circuit 250. However, out of the input terminals A to D, only

the input terminals A and D relate to the logical operation of the circuit
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dummy transistors.

Therefore, the logical add circuit 250 appears to be an NOR circuit
having four inputs; however, it is actually an NOR circuit having two
inputs.

However, if a third party visually observes the logical add circuit
250, he or she recognizes four gate electrodes as input terminals as in the
case of the above-described logical product circuit 200. Besides, the
third party cannot visually discover that the transistors 257, 259 are of
depression type. Due to this, he or she recognizes the logical add circuit
as that having four inputs. As a result, it is possible to make the third
party erroneously recognize the semiconductor device, thereby making 1t
difficult for the third party to, for example, imitate the semiconductor
device.

This embodiment illustrates the semiconductor device wherein two
on/off type switching devices and two constantly conductive switching
devices are used. However, it is possible to change the number of the
on/off switching devices according to the number of inputs of the logical
product circuit or logical add circuit. Moreover, the number of the
constantly conductive switching devices may be at least one and can be
changed appropriately, as long as it does not depart from the objects and
concept of the present invention.

Circuit
Next, the embodiment of a semiconductor device comprising an

inverter circuit according to the present invention will be described.

cal
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pul | -down resistor 261 for pulling down the output node of the series
circuit consisting of these transistors 251, 253, 257 and 259 to the power
suppl y. The node between the series circuit 255 gerptr+strg—these—
transi stors and the pull-down resistor 22?1 serves as gnRBRULADIE/ENGr Bkl | E
of the logical add circuit 250. Gate elettrodes A to D|ofthe—tranststord
251, 253, 257 and 259, respectively, serve as input terlm naéq g?wtgsa
| ogi cal add circuit 250. However, out of the input terrinals A“to D  onpl\y
the input termnals A and Drelate to the |ogical operdtivomof—tteTirTCuijt
Each of FIGS. 8{A) to 8(C) is an explanatory|] diagram of the

semiconductor device and emphatically illustrates an inverter circuit
provided in the semiconductor device.

An inverter circuit 500 shown in FIG. 8(A) comprises an n-channel
field effect transistor 501 having a control signal input terminal g and
serving as a switching device on/off controlled in accordance with a
control signal, a pull-up resistor 503 pulling up the output node of the
transistor 501 to the power supply and a depression type field effect
transistor 505 connected to the transistor 501 in series, having a control
terminal b and serving as a constantly conductive switching device.

In the embodiment of FIG. 8(A), the transistor 50S is provided
between the transistor 501 and the ground. However, the transistor
505 may be provided between, for example, the transistor 501 and the
resistor 503.

The inverter circuit 500 shown in FIG. 8(A) appears to be a logical
product circuit having two inputs, i.e. input terminals a and b. However,
since the transistor 505 is of depression type, the circuit 500 is actually
an inverter circuit.

However, if a third party visually observes the inverter circuit 500,
he or she recognizes two gate electrodes a and b as input terminals.
Besides, the third party cannot visually discover that the transistor 505
is of depression type. Due to this, the inverter circuit 500 is recognized
as a logical product circuit having two inputs by the third party.
Therefore, it is possible to make the third party erroneously recognize the
semiconductor device, thereby making it difficult for the third party to,
for example, imitate the device.

An inverter circuit 510 shown in FIG. 8(B) comprises a p-channel



35 250 in this enbodinent. The reason is that the transistors having the
input termnals B and C are constantly conductive transistors, that is,
durmy transi stors. Therefore, the logical add circuit 250 appears to
be an NOR circuit having four inputs; hgvaever, it is acfuatty—anr—NCR
circuit having two inputs. Howevef, if a third parREPLACEMBNT \SHEE
observes the logical add circuit 250, he or she recogni ge! ot
el ectrodes as input termnals as in the 21 JAN 1998

field effect transistor 511 having a control signal inpyt terminat-ga-and
serving as a switching device on/off controlled in dévordanee—with-a.__|

control signal, a pull-down resistor 513 pulling down the output node of

the transistor 511 to the ground and a depression type field effect
transistor 515 connected to the transistor 511 in series, having a control
terminal b and serving as a constantly conductive switching device.

In the embodiment of FIG. 8(B), the transistor 515 is provided
between the transistor 511 and the resistor 513. However, the
transistor 515 may be provided between, for example, the transistor 511
and the power supply.

The inverter circuit 510 shown in FIG. 8(B) appears to be a logical
add circuit having two inputs, i.e. input terminals a and b. However,
since the transistor 515 is of depression type, the circuit 510 is actually
an inverter circuit.

However, if a third party visually observes the inverter circuit 510,
he or she recognizes two gate electrodes a and b as input terminals.
Besides, the third party cannot visually discover that the transistor 515
is of depression type. Due to this, the inverter circuit 510 is recognized
as a logical add circuit having two inputs by the third party. Therefore,
it is possible to make the third party erronecusly recognize the
semiconductor device, thereby making it difficult for the third party to,
for example, imitate the device.

An inverter circuit 520 shown in FIG. 8(C) comprises a series
circuit 525 connecting a p-channel field effect transistor 521 and an n-
channel field effect transistor 523 in series and a depression type field
effect transistor 527 connected to the series circuit 525 in series and

having a control terminal h. Furthermore, gate electrodes of the p-
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each other to provide an input terminal a.

The inverter circuit 520 shown in FIG. 8(C} appears to be a logical
circuit having two inputs g and b. However, since the transistor 527 is
of depression type, the circuit 520 is actually an inverter circuit.

However, if a third party visually observes the inverter circuit 520,
he or she recognizes two gate electrodes a and b as input terminals.
Besides, the third party cannot visually discover that the transistor 527
is of depression type. Due to this, he or she finds it difficult to recognize
the inverter circuit 520 as such. Therefore, it is possible to make the
third party erroneously recognize the semiconductor device, thereby
making it difficult for the third party to, for example, imitate the device.

In this embodiment of the semiconductor device comprising an
inverter circuit described above, description is given to a case where a
constantly conductive switching device is provided therein. However, it
is of course possible to provide not less than two constantly conductive
switching devices in the semiconductor device.

As is obvious from the above description given so far, the address
decoder according to the present invention comprises a first signal line
group into which address designation signals m (where m = O to n) are
inputted, a second signal line group intersecting the first signal line
group and consisting of signal lines numbered O to n and predetermined
switching devices provided in the vicinity of a plurality of predetermined
intersections out of those between the signal lines in the first signal line
group and those in the second signal line group.

In the address decoder in the first embodiment according to the

present invention, the predetermined intersections are set such that one

on/ of f switchi n% devi ces according to the nunber of inp&ts-of—the | oqgical



product circuit or logical add circuit. Mreover, the nunmber of the
constantly conductive switching devices may be at | east one and can be
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present invention will be descri bed.
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Next, theé

of signal line other than m-th signal line among the!‘tth to n-th signal
i

lines is conductive according to at least two kinds of address designation
signals.

In the address decoder in the second embodiment according to the
present invention, constantly conductive switching devices are provided
in the vicinity of all or part of the intersections other than the above-
described predetermined intersections.

In the address decoder in the third embodiment according to the
present invention, a shielding film is provided so as to prevent the
connection relationship between control signal input terminals of the
switching devices and the signal lines in the first signal line groups,
respectively, from being visually recognized.

Owing to the above, in the address decoders in the first and second
embodiments, the switching devices are arranged irregularly compared
to those in the conventional address decoder described with reference to
FIGS. 9 and 12. In addition, in the address decoder in the third
embodiment, the arrangement of switching devices per se can be visually
shielded. Based on these respects, it is understood that according to
the address decoders in the first to third embodiments of the present
invention, even if a third party tries to analyze which signal line out of the
signal lines in the second signal line group turns into a first state
according to address designation signals from the arrangement of the
switching devices, he or she finds it more difficult to do so than in the
case of the conventional address decoder. Therefore, it is possible to
make difficult the analysis of the semiconductor device or that of data
within the memory cell array (or typically ROM) by the third party,

thereby improving a security function compared to the conventional
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Moreover, in the semiconductor memory according to the present
invention, at least one of a row decoder and a column decoder consists of
the address decoder of the present invention. Therefore, it is possible to
realize a semiconductor memory capable of making it difficult for a third
party to analyze it or data within the memory cell array (or typically
ROM).

Additionally, as can be seen from the semiconductor device
comprising a logical product circuit and that comprising a logical add
circuit, the present invention can realize a semiconductor device
apparently comprising (n + o) (where o is an integer not less than 1)
logical product circuits (or logical add circuits) by connecting a
constantly conductive switching device fo a switching device sequence
connecting n true on/off type switching devices in series. As a result,
although the circuit is actually a logical product circuit or logical add
circuit having n inputs (where n is an integer of not less than 1), it is
possible to make a third party visually realize the circuit as that having (n
+ o) inputs (where o is an integer not less than 1). This can make it
difficult for the third party to, for example, imitate the semiconductor
device.

Furthermore, as can be seen from the semiconductor device
comprising an inverter circuit according to the present invention. the
present invention can realize a semiconductor device comprising an
inverter circuit which is difficult to recognize as such by further
connecting, in series, a constantly conductive switching device to a
switching device on/off controlled by a control signal. This can make it

difficult for a third party to, for example, imitate the semiconductor



In the enbodi nent of FIG 8(A), the transistor 505 is provided between the
transi stor 501 and the ground. However, the transistor 505 may be provi ded
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the transistor 505 is of depression type, the circuit 500 ﬁsgvﬁébg
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Description has been given to embodiments wherein a switching
device consists of transistors. However, if possible, other electronic

switching device and the like may be utilized.
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What is claimed is:

1. An address decoder comprising:

a first signal line group into which address designation signals m
are inputted, where m = O to n and n is a positive integer;

a second signal line group intersecting the first signal line group
and consisting of signal lines numbered O to n; and

switching devices respectively provided in the vicinity of a plurality
of predetermined intersections out of intersections between the first and
second signal line group, having their control signal input terminals
connected to first signal lines in the first signal line group, respectively,
and their main current path connected, in series, to the second signal
lines in the second signal line group, respectively,

wherein each of said switching devices is on/off controlled in
accordance with said address designation signals m to thereby turn one
of the signal lines in the second signal line group into a first state, and
wherein

said predetermined intersections are set such that one of the signal
lines other than a signal line numbered m out of said signal lines
numbered O to n in accordance with at least two kinds of the address
designation signals m.

2. An address decoder as claimed in claim 1, wherein said
signal lines numbered 0 to n other than the signal line numbered m

selectively turn into the first state in accordance with each of said

he

37

Feidress designation signale m 0L A
isi ®= L moos

3. An address decoder comprising:
a first signal line group into which address designation signals m

are inputted, where m = 0 to n and n is a positive integer;

THIS SHEET HAS BEEN
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and consisting of signal lines numbered O to n; and

switching devices respectively provided in the vicinity of a plurality
of predetermined intersections out of intersections between the first and
second signal line group, having their control signal input terminals
connected to first signal lines in the first signal line group, respectively,
and their main current paths connected, in series, to the second signal
lines in the second signal line group, respectively,

wherein each of said switching devices being on/off controlled in
accordance with said address designation signals m to thereby turn one
of the signal lines in the second signal line group into a first state, and
wherein

said address decoder further comprises constantly conductive
switching devices provided in the vicinity of all or part of intersections
other than said predetermined intersections, control signal input
terminals of said conductive switching devices being connected to the
first signal lines, respectively, and main current paths of the constantly
conductive switching devices being connected, in series, to the second
signal lines, respectively.

q. An address decoder according to claim 3, wherein said
constantly conductive switching devices are respectively provided in the
vicinity of all intersections other than said predetermined intersections.

S. An address decoder according to claim 3, wherein

each of the switching devices respectively provided in the vicinity of
said predetermined intersections is an enhancement type field effect
transistor; and

each of the constantly conductive switching devices is a depression
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6. An address decoder comprising:

a first signal line group into which address designation signals m
are inputted, where m = O to n and n is a positive integer;

a second signal line group intersecting the first signal line group
and consisting of signal lines numbered O to n; and

switching devices respectively provided in the vicinity of a plurality
of predetermined intersections out of intersections between the first and
second signal line group, having their control signal input terminals
connected to first signal lines in the first signal line group, respectively,
and their main current paths of said switching devices being connected,
in series, to second signal lines in the second signal line group,
respectively,

wherein each of said switching devices is on/off controlled in
accordance with said address designation signals m to thereby turn one
of the signal lines in the second signal line group into a first state, and
wherein

said address decoder further comprises a shielding film for
preventing connection relationship between the control signal input
terminal of each of said switching device and each of the signal lines in
said first signal line group from being visually recognized.

7. An address decoder according to claim 1, comprising
constantly conductive switching devices provided in the vicinity of all or
part of intersections other than said predetermined intersections, control
signal input terminals of said conductive switching devices being

connected to the first signal lines, respectively, and main current paths

of the constantly conductive switching devices being connected, in series,

THIS SHEET HAS BEEN
REPLACED
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An inverter circuit 520 shown in FIG 8(C) conprises a series circuit
connecting a p- chapy ket fihsHech Refliceet transi stor 521 and an n- channel

ef fect transistor SA%INN “q HYiand a depression type fipgte-
transi stor 527 conr¢ Kiglkthdliseries circuit 525 in ser iRERLACHIE
control termnal b. oY & :

38 channel and n-channel field effect transistors 52

to

gate el €Trtrodes of the {p-

to the second signal lines, respectively. iy

8. An address decoder according to claim 1, comprising a
shielding film for preventing connection relationship between the control
signal input terminal of each of said switching device and each of the
signal lines in said first signal line group from being visually recognized,

9. An address decoder according to claim 1, comprising

constantly conductive switching devices provided in the vicinity
of all or part of intersections other than said predétermined intersections,
control signal input terminals of said conductive switching devices being
connected to the first signal lines, respectively, and main current paths
of the constantly conductive switching devices being connected, in series,
to the second signal lines, respectively, and

a shieldiné film for preventing connection relationship between the
control signal input terminal of each of said switching device and each of
the signal lines in said first signal line group from being visually
recognized.

10. An address decoder according to claim 3, comprising a
shielding film for preventing connection relationship between the control
signal input terminal of each of said switching device and each of the
signal lines in said first signal line group from being visually recognized.

11.  An address decoder according to claim 1, wherein said first
state is a conductive state.

12.  An address decoder according to claim 3, wherein said first
state is a conductive state.

13. An address decoder according to claim 6, wherein said first

state is a conductive state.

14. A semiconductor memory comprising a memory cell array, a

R D O
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each other to provide an input termnal a. The inverter circuit 520d
showmn in FIG 8 . rs,.t | ogical <circuit havingtwoinputs a an
b. However, si nE:e jsSEer His Boenhetlite 27 igs of depression te~ercuit
520 is actually an ﬁ Hlﬂgﬂﬂ guit. However, if ﬁPMwEMEﬂa]FSHEET
visual | y observes Wircuit 960, he or she repogm zes—wo-gatje
el ectrodes a and b as input termnals. Besides, the third ﬁ&:@goi
visual |y discover that the transistor 527 is of depregsijon typ’ o]
this, he or she finds it difficult to recognize the inverter tiTect+—b20
as such. Theoef @leeodet drd ROS@lrth tdecolke, SARI oW rthdaidlMnfi rdutedes! v
recogni ze the sem conduct or devi ce, thereby maki ng it diffrcort—fort +hel
third party dohnetcted &x&m®htemory téll artdie adrl wherein

an address decoder recited in one of claims 1 to 13 is provided as at
least one of the row decoder and the column decoder.

15. A semiconductor device including a logical product circuit
comprising:

a switching device sequence having at least two switching devices
connected in series, said switching devices being on/off controlled in
accordance with a signal inputted into the control signal terminal
thereof; and

a pull-up resistor pulling out an output node of said switching
device sequence to a power supply, and wherein

said logical product circuit includes at least a constantly
conductive switching device having a control signal input terminal
thereof and connected in series to said switching device sequence.

16. A semiconductor device including a logical add circuit
comprising:

a switching device sequence having at least two switching devices
connected in series, said switching devices being on/off controlled in
accordance with a signal inputted into the control signal terminal
thereof; and

a pull-down resistor pulling down an output node of said switching
device sequence to a ground, and wherein

said logical add circuit includes at least a constantly conductive
switching device having a control signal input terminal thereof and

connected in series to said switching device sequence,

17. A semiconductor device according to claim 15, WO,

I
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In this enbodi mrent of the sem conductor device conprising an inverter
circuit described abmmsSheet HeBediRpdlican i S given to a case where a constantly
conductive switching|dl il vided therein. However, it is of course
possi ble to provide a - two constantly con tmgp' -n 1B tG/Hen g
devices in the semc e. 47  As is obyi é@?“&ﬁ@’[h@ﬁo e
description given so far, the address decoder accorflipg to theégesen

i nvention conmprises a first signal line group into phicld habN 4998
desi gnation signals m(where m= 0 to n) are inputtpdl—a second sidng
l'ine group intergagepididsdifeswittRing Howidks lihBRided &y Radd Svitdleingt H&dcof|
signal lines nunbered 0 to n and predeterm ned sw tthing devices provi ded

in the vici BehMeRée & BhWrdricenténtPtypaeidla reffee transistor; and

said constantly conductive switching device is a depression type
field effect transistor.

18. A semiconductor device according to claim 16, wherein

each of said switching devices included in said switching device
sequence is an enhancement type field effect transistor; and

said constantly conductive switching device is a depression type
field effect transistor.

19. A semiconductor device including an inverter circuit
comprising:

a switching device having a control signal input terminal and
on/off controlled in accordance with a signal inputted into a control
signal input terminal; and

one of a pull-up resistor pulling up an output node of the switching
d.evice to a power supply and a pull-down resistor pulling down the
output node of the switching device to a ground, and wherein

said inverter circuit includes at least a constantly conductive
switching device having a control signal input terminal and connected in
series to said switching device.

20. A semiconductor device according to claim 19, wherein

said on/off controlled switching device is an enhancement type
field effect transistor; and

said constantly conductive switching device is a depression type
field effect transistor.

21. A semiconductor device including a CMOS inverter

comprising a series circuit of p-channel and n-channel field effect

| )OO A1 A THIS SHEET HAS BEEN
~ % ¢ L m s REPLACED




I ntersections out of those between the signal

liine group and those in the second signal |line grou ln—the
addr ess decoder in the first enbodi ment according to tREPLAﬁEMENTt SHEET
i nvention, the predeterm ned intersections are set suUch-thet—ere

39 of signal line other than mth sig®r8l |ine anorg ft -th
signal lines is conductive according to at |east twg %s 3pwhﬁg$e

desi gnati on

transistors, wherein

lines in the first signal

S

V)

said CMOS inverter includes at least an enhancement type field

effect transistor connected in series to said series circuit.
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signal s. In the address decoder in the second enbodi ment according to
the present invention, constantly conductive swi tching—tevees—are
provided in the vicinity of all or part of the mtersecﬁEBi:ME(MHM‘rsHE@;n
t he above- described predeterm ned intersections.
decoder in the third enbodi nent accordi#g to the presgnt |21\1ep§w0@

shielding filmis provided so as to prevent the conneqtijon re i ggh p
bet ween Coftdksd | KEHDER P WaMIRoRbRR TSR OlrzktbRy 2 Szt
signal |inesTin the frrstsrgmat tine groups, —Trespectyvery,— fromperng
visual ly recogni zed. On ng to the above, in the address—deceders— n
the first and second enbodMRACTWﬁ‘\HE&HSﬁ.‘g«QﬁUR&S are arranged

irregularly conpared
For making it more difficult to predict which signal line among

second signal lines 33,to 33, is conductive in accordance with address
designation signals AO to A3. Address decoder comprises a switching
device 35 which is arranged such that one of signal lines other than the
signal line 33m among O-th to n-th signal lines 33, to 33, is conductive

in accordance with at least two kinds of address designation signals.

Figure 1

cet Has Been Replaced

T
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to those in the conventional address decoder described with reference to
FIGS. 9 and 12. In addition, in the address decoder in the third
enbodi ment, the arrangenent of swi tching devices _per-se—eem %t uaIIy
shi el ded. Based on these respects, it is underst _@EPLRGEME%‘E&@

address decoders in the first to third enbodi nent
qggg I out of

invention, even if a third party triesiya analyze¢ ﬁ? ? ﬂ

the signal lines in the second signal 1ine grou@_tur oaf r t state
according to address designation signals fromthg aargenent of the
swi t chi ng devices, he or she finds it nore diffidult to do so thanlin the
case of the conventlonal address decoder. Ther ef oke—it+—TsPOSSI Dl € tO
make difficult the analysis of the sem conductor’ device or that of data
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realize a sem conductor nenory capable of making it difficult for a third
party to analyze it or data within the nenory cell array (or typical

ROV . Additionally, as can be seen fromthe s E& D 1.§ﬁggp

conprising a logical product circuit and that conprifsi § @ﬁﬁ@g{c dd
circuit, the present invention can realize a sem conduftor device
apparently conprising (n + [err]) (whera is an int gerznbt_!m.bwstran 1)
| ogi cal product circuits (or logical add circuits) by €onnecting a
constantly conductive switching device to a switching device sequence
connecting n true on/off type switching devices in series. As _a _resu

al though the circuit is actually a |logical product circuit or |ogical add

6.5

NI 3% P Q@ B

I By 3y 3y 3y 35 g Wy
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circuit having n inputs (where n is an integer of not less than 1),
possible to make a third party visually realize the circuit as that having
('n + a) inputs (where [err] is an integer not |ess

it difficult for the third party to, for exanple,
Furthernore, as can be

sem conductor devi ce.

sem conduct or device conprising an iRrvdrter circuit
present invention the present invention can realiz¢g

conprising an inverter circuit which is dj

fic

ult t

it is

further connecting, in series, a constantfy conduct

t caach make
PEBLACEMENY SHEEY
seen fromthe
coridiJAd! 19981 fhe
en conduct ol device
0 recogni ze as sugh by
|

lice to

This can nake it
Y

a switching device on/off controlled by Lcontrol
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difficult for athird party to, for exanple, imtate the sem conductor
41 devi ce. Descri pti on has been given to enbodi nents wherein a
switching device consists of transistors. However, if _possible—ether—
el ectronic switching device and the |ike may be utili 7 atkPLACEMENT SHEET
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42 VWhat is clainmed is: 1. An address decodgL—conpii-si-ng.

a first signal line group into which address designati
i hputted, where m= 0 to n and n is a positive integer
signal line group intersecting the first signal line g
of signal lines nunbered O to n; and swi t chi ng
provided in the vicinity of a pluralitygaf predetermnh
of intersections between the first and Second signal

A6.6(4)
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termnals connected to first signal lines in the first signal |ine group,
respectively, and their main current path connected, in series, to the

second signal lines in the second signal |ine group, €§ﬁ¢

wherein each of said switching devices is on/off controF? e&? égﬁﬁﬁ(aﬂce
w th said address designation signals mto thereby tfurjn one sifgnal
lines in the second signal line group imo-a first qtdte? | JAN‘ES&h rein
said predeterm ned intersections are set such that ¢nea of the signal}lines
other than a signal |ine nunbered mout of said sigpal |ines nunbéred O to
nis turned into said first state in accordance wt at. ] east two kijnds of
t he address designation signals m and wherei n said signal Titnes

nunbered 0 to n other than the signa
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|l i ne nunbered mselectively turn into the first state in accordance with

each of said address designation signals m 2. An address decoder
conpri si ng: a first signal line group into which gaddress—desighration
signals m are inputted, where m= 0 to n and n is a podi PERMEATeBHEET
a second signal line group intersecting the first signalf Ifrmegrotp
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and consi sting of signal |ines nunbered O to n; and swi t chi ng
devi ces respectively provided in the vicinity of a plurality of
pfedeterm ned intersections out of intersections between the _first and
second signal line group, having their control signal i”FUREPL%'EIWEN‘?lﬁEET
connected to first signal lines in the first signal |inejgreup
respectively, and their main current patfis connected, injsgri ez, ﬁ ééhe
second signal lines in the second signal |ine group, respe ti2v IJA 1398
wherein each of said swi tching devices being on/off contfolHedin
accordance wth said address designation signals mto thereby turn one of
the signal lines in the second signal line group into a first—state _and |

wher ei n G 9 (Data Output)

Sense amplifier —~+70
—51
A0~A2 — Column decoder ~T50
RO|R1j-----F---F--1 ---1R7
CLO
CL1
301 i ~10
) :
B :
A3~AS fé ' Memory cell array
3 E
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P .




sai d address decoder further conprises constantly conductive sw tching
devices provided in the vicinity of all or part of intersections

than said predeterm ned intersections, control signal i
sai d conductive switching devices being connected to tl

| i nes, respectively, and main current paths of the cong
swi tchi ng devices being connected, in g@ries, to the se
respectively. 3. An address decoder according

ot her

TR T

tem?ly
c

claim

mat—s

1,

n

conprising a shielding filmfor preventing connection
the control signal input termnal of each of said sw:

-rel ati onshi p be
-ching device and

t

QPIRET
condutty v
nd 1s)&M999 i

€p,

each
visual ly
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or part of

44 of all

An address decoder according to claiml1,

4.
constantly conductive switching devices provided in the

vicinity

recogni zed.
conpri si ng
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and main current paths of the constantly conductive sw tching devices

bei ng connected, in series, to the second signal |ines, respectively, and
a shielding filmfor preventing connection rel ati onsl-p—bet-ween—ihe—
control signal input termnal of each of said smﬁtchid@ﬁﬂé@EEﬁNﬁﬁﬁﬁE¢aEh of
the signal lines in said first signal line group from ket '

recogni zed. 5. An address decyzler accordingjtd %Igi&%@,ggﬁ_ rjy sing
a shielding filmfor preventing connection rel ationsghijp “bet A

control signal input term nal of each of said switchin ' ach of
the signal lines in said first signal |line group frombeing visually

recogni zed.
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6. A seni conduct or

menory conprising a nenory cell. arrav

a row decoder

.and a col um decoder, said row and col uim decoder Wﬁﬂﬁ %@F ¢ nmenory
cell array, and wherein an address decoder recu fi{clains 1
to 5is provided as at |east one of the row decd d the mp
decoder. 7. A sem conductor device ingl iﬁg 1&5&35 nverter
conprising a series circuit of p-channgf and n-clha flpl d effpc
transistors, wherein said CMOS inverter ir$l udes at | east an
enhancerment type field effect transistor connedtesR=saLi.es 1o shid

series circuit.
designation signals m are inputted, where m = O to n and n is a positive

integer, a second signal line group intersecting the first signal line group
and consisting of signal lines numbered 0 to n, and switching devices
respectively provided in the vicinity of a plurality of predetermined
intersections out of intersections (or crossover points) between the first
and second signal line group. The switching devices have their control
signal input terminals connected to first signal lines in the first signal
line group, respectively, and have their main current path connected, in
series, to the second signal lines in the second signal line group,
respectively. Each of the switching devices is on/off controlled in
accordance with the address designation signals m to thereby turn one of
the signal lines in the second signal line group into a first electric state.
According to the constitution of the address decoder, the predetermined

intersections are set such that one of the signal lines other than a signal

line numbered m out of the signal lines numbered 0 to n is
turned into the first electric state in accordance with at
least two kinds of the address designation signals m.

According to the first mode of the present inve_nﬁon, the switching
devices are arranged more irregularly than those in the conventional
address decoder described with reference to FIGS. 10 or 12. This can
make it more difficult for a third party to analyze which signal line in the
second signal line group is turned into the first electric state, for example,
conductive state in accordance with address designation signals from the
arrangement of the switching device than in the case of the conventional
address decoder.

To carry out the first mode of the present invention, the simplest
way to determine the predetermined intersections is to set them such

that when m, is inputted as address designation signals, a m,-th signal
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What is claimed is: i

1. An address decoder comprising:

a first signal line group into which address designation signals m
are inputted, where m = 0 to n and n is a positive integer;

a second signal line group intersecting the first signal line group
and consisting of signal lines numbered O to n; and

switching devices respectively provided in the vicinity of a plurality
of predetermined intersections out of intersections between the first and
second signal line group, having their control signal input terminals
connected to first signal lines in the first signal line group, respectively,
and their main current path connected, in series, to the second signal
lines in the second signal line group, respectively,

wherein each of said switching devices is on/off controlled in
accordance with said address designation signals m to thereby turn one
of the signal lines in the second signal line group into a first state, and
wherein

said predetermined intersections are set such that one of the signal

lines other than a signal line numbered m out of said signal lines

numbered 0 to n is turned into said first state in accordance with at least two

kinds of the address designation signals m.

2. An address decoder as claimed in claim 1, wherein said
signal lines numbered O to n other than the signal line numbered m

selectively turn into the first state in accordance with each of said

address designation signals m. |

3. An address decoder comprising: N ““““ “ll“ I“" ““I “ l“‘

a first signal line group into which address designation signals m

are inputted, where m =0 ton and nisa posxtxve integer;
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What is claimed is: -

1. An address decoder comprising:

a first signal line group into which address designation signals m
are inputted, where m = O to n and n is a positive integer;

a second signal line group intersecting the first signal line group
and consisting of signal lines numbered O to n; and

switching devices respectively provided in the vicinity of a
plurality of predetermined intersections out of intersections between the
first and second signal line group, having their control signal input
terminals connected to first signal lines in the first signal line group,
respectively, and their main current path connected, in series, to the
second signal lines in the second signal line group, respectively,

wherein each of said switching devices is on/off controlled in
accordance ﬁth said address designation signals m to thereby turn one
of the signal lines in the sécond signal line group into a first state,

wherein said predetermined intersections are set such that one of
the signal lines other than a signal line numbered m out of said signal
lines numbered O to n is turned into said first state in accordance with
at least two kinds of the address designation signals m, and

wherein said signal lines numbered O to n other than the signal
line numbered m selectively turn into the first state in accordance with

each of said address designation signals m.

2. An address decoder comprising:
a first signal line group into which address designation signals m
are inputted, where m = O to n and n is a positive integer;

a second signal line group intersecting the first signal line group

o
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and consisting of sigrial lines numbered O to n; and

switching devices respectively provided in thdLaam'm‘y""Gf— a”

plurality of predetermined intersections out of intersections between the

first and second signal line group, having their control signal input
terminals connected to first signal lines in the first signal line group,
respectively, and their main current paths connected, in series, to the
second signal lines in the second signal line group, respectively,

wherein each of said switching devices being on/off controlled in
accordance with said address designation signals m to thereby turn one
of the signal lines in the second signal line group into a first state, and
wherein

said address decoder further comprises constantly conductive
switching devices provided in the vicinity of all or part of intersections
other than said predetermined intersections, control signal input
terminals of said conductive switching devices being connected to the
first signal lines, respectively, and main current paths of the cohstantly
conductive switching devices being connected, in series, to the second

signal lines, respectively.

3. An address decoder according to claim 1, comprising a
shielding film for preventing connection relationship between the
control signal input terminal of each of said switching device and each
of the signal lines in said first signal line group from being visually

recognized.

4, An address decoder according to claim 1, comprising

constantly conductive switching devices provided in the vicinity

.
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of all or part of intersections other than said | predetermined

intersections, control signal input terminals of said conductive
switching devices being connected to the first signal lines, respectively,
and main current paths of the constantly conductive switching devices
being connected, in series, to the second signal lines, respectively, and

a shielding film for preventing connection relationship between
the control signal input terminal of each of said switching device and
each of the signal lines in said first signal line group from being visually

recognized.

5. An address decoder according to claim 2, comprising a
shielding film for preventing connection relationship between the
control signal input terminal of each of said switching device and each
of the signal lines in said first signal line group from being visually

recognized.

6. A semiconductor memory comprising a memory cell array, a
row decoder and a column decoder, said row and column decoder
connected to the memory cell array, and wherein

an address decoder recited in one of claims 1 to 5 is provided as

at least one of the row decoder and the column decoder.

7. A semiconductor device including a CMOS inverter
comprising a series circuit of p-channel and n-channel field effect
transistors, wherein

said CMOS inverter includes at least an enhancement type field

effect transistor connected in series to said series circuit.
-
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ADDRESS DECODER, SEMICONDUCTOR ME

SEMICONDUCTOR DEVICE

ABSTRACT OF THE DISCLOSURE
For making it more difficult to predict which signal line among
second signal lines 33pto 337 is conductive in accordance with address
designation signals AO to A3. Address decoder comprises a switching
device 35 which is arranged such that one of signal lines other than the
signal line 33m among O-th to n-th signal lines 330 to 337 is conductive

in accordance with at least two kinds of address designation signals.

Figure 1



